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THE USU-SAN ERUPTION AND THE EARTHQUAKE 
AND ELEVATION PHENOMENA. 


EEE: 


Results of Precise Levelings in 1905-1919, with Accounts 
of the Observations relating to the Level Change 
of the Lake of Toya. 


By 


F. Qmori, Sc.D., 


Member of the Imperial Earthquake Investigation Committee. 


With Plates X-X VI. 


1. EIntreduction. he Usu-san, which stands on the north- 
eastern ccast of the Voleano Bay (in Hokkaido) and separates it 
from the lake of Toya, isa small mountain, only 736 m.* in height, 
whose base covers about 35 sq: km. The voleano is, however, 
active in eruptive manifestations, and seems to have experienced 
upheavals on some of the former outbursts ; the formation of the 
principal dome, the O-Usu, evidently of no very old date, being 
ascribed by some authorities to the eruption in 1853. The princi- 
pal phenomenon in the Usu-san eruption of 1910 consisted in the 
elevation of the region about the volcano, culminating in the 
formation of the New Mountain at the northern base bordering 
the lake of Toya. Even at the coast’of the Volcano Bay, on the 
opposite side, the elevation reached nearly 1 foot. (See the 
Bulletin, Vol. V, Nos. 1 and 2.) It was desirous to ascertain the 


* Height of the O-Usu dome, according to the new Geological Survey map. 
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The Usuesan Eruption 


Height of the Bench Marks in 1905, 
1911-138, and 1919. 


In the survey of 1912, 1913, and 1919, the B.M. No. 7191 is taken as the fixed point. 


re 1911, » No. 7190 Z 3 
Bench Mark. | Height. 
Locality. No. |. 1905 1911 1912 | 1918 1919 
[Abuta Ae lace Districts | | oni ae | a on: i 4 a 
Urry Abuta, Biwack. | 6596 | 49.0857 50.2574 50.2340 | 50.2259 | 50.2057 
Kt  Tokotan. | 6597 | 150.6192 | 150.5629 | 150.5241 | 150.5273 | 150.5255 
f * 6598 | 93.0124 | 95.4542 | 95.4125 | 95.4111 | 95.3932 
Jeux » Puoshima.| 6599 | 86.3755 | 86.3569 | 86.3403 | 86.3519 | 86.3540 
#R EY » Poromoi. | 6600 | 88.6877 | 88.6891 | 88.6675 | 88.6843 | 88.6848. 
‘- 5 6601 | 86.1620 | 86.1658 | 86.1398 | 96.1568 | 86.1558 
EF Y » Oozak, 6602 | 86.8139 | 86.8168 = — | 86.8103: 
ri FE Muko-Toya. 6603 | 86.2598 | 86.2663 | a as Pp BEBBOy 
4 ‘ 6604 = ae = — | 85.5009. 
$¥AFA  Aduta, Chasnai. | 7190 | 140.6111 | 104.6111 zee = — 
yyy » Kriya. 7191 | 60.2509 | 60.2465 | 60.2509 | 60.2509 | 60.2509: 
TvF4 » Frenai. | 7192 2.6572 2.6346 | 2.6372 2.6337 2.6299 
RFF »  Tokotan. | VI 3.5676 3.9296 3.9248 3.9169 3.9027 
KEG » Omonai. | 7193 9.5764 — 9.7852 9.7804 9.7671 
[Daté Village District.] | 
ASR Usu, Sneushima. | 7194 | 3.7524 — 3.9553 8.9462 3.9282 
, a 7195 30.0242 — | 30.1671 | 30.1651 | 30.1495 
Ek, F 3 v-ey Osarubets. | 7196 | 6.48282 — | 6.5629 | 65641 | 6.5458 
PExMxX IF +~ Tarayama. | 7197 | 4.2696 a 4.2857 4.2927 | 4.2710 
» S08 Urahama. 7198 os 5.5162 5.5217 5.5270 5.5040 
YYVF% Hi. Moubets, | 7199 | 14.0073 = — | 140194 | ° 14.0026 
DYXF i 7200 | 14.1432 ~ _— 14,1556 | 14.1371 
~Uysz Marep. 7201 | 11.9577 8 = 4 aegaes 
Fa Raz Okonbonibe. | 7202 2.8598 — — — 2.8539 
Rs - 7203 2.3877 = a -— 2.3827 
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Taste II. Height Variations of the Bench Marks, 
between the years 1905 and 1919. 
(Referred to the B.M. No. 7191 as fixed point.) 


Bench Mark. | Height Variation. 

No. | i905 ¢0 | 1908 to 1912 to 1913 to 1905 to | 1911-12 

1911 | 1912 1913 4 1919 1919 to 1919 

Abuta Village}| Wahaus 
District. — i m,. m. m. m. m. . m. 
6596 + 1.1717 | + 1.1488 | — 0.0081 | — 0.0202 | + 1.1200 | — 0.0422 
6597 | = 0.0583 | — 0.0951 | + 0.0032 | — 0.0018 | — 0.0937 | — 0.0202 
6598 | + 2.4418 + 2.4001 | — 0.0014 | — 0.0179 | + 2.3808 | — 0.0424 
6599 — 0.0186 | — 0.0352 | + 0.0116 | + 0.0021 | — 0.0215 | + 0.0032 
6600 | + 0.0014 | — 0.0202 | + 0.0168 | + 0.0005 | — 0.0029 | + 0.0043 
6601 + 0.0038 | — 0.0237 | + 0.0175 |— 0.0010 | — 0.0062 | + 0.0010 
6602 | + 0.0029 | a ei et =. 0.0036 ts 
6603 | +.:0.0067 — ~ — | + 0.0001 = 
6604 = i ees 3 = = 
7190 | 0.0000 | an <s a pi be 
7191 | — 0.0044 0.0000 0.0000 0.0000 0.0000 0.0000 
7192 -— 0.0722 | — 0.0200 | — 0.0035 | — 0.0038 | — 0.0273 | — 0.0082 
VI 0.3620 | + 0.3572 | — 0.0079 | — 0.0142 | + 0.3351 | — 0.0267 
7193 | — | + 0.2088 | — 0.0048 | — 0.0133 0.1907 | — 0.0181 
Daté Village }) 
[ District. ] | 

7194 | =. | + 0.2029, | = 06001 |) = 0.0180" hk + 0.1768 .| — 0.0271 
7195 — \  O.1d2G 120.0020 1 = 0.0166) 1+ 0.1253 ~| — 0.0176 
7196 — | + 0.0807 | + 0.0012 | — 0.0183 | + 0.0636 | — 0.0171 
7197 LSE OMGh. | O.0070 “f= O.0217 "fe C0014 |= 0.0147 
7198 = — | + 0.0053 | — 0.0230 ty 0.0173 
7199 ae, — | + 0.0121 | — 0.0168 | — 0.0047 | — 0.0037 
7200 = — + i. 6.0185 | — 0.0061 a 
7201 a _ = =, | = 6.0094 = 
7202 — ~ _ — | — 0.0059 _ 
7203 | = = a =o.) 6.0060 pe 
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course of the height variation subsequent to the eruption in ques- 
tion, and through the liberality of the Imperial Academy and the 
good will of the Military Survey, the necessary leveling work has 
been carried on in June-Aug., 1919, a new height examination 
having been made of the 23 bench marks over the distance of 44 
km. along the coast of the Voleano Bay and across to the west 
coast of the lake of Toya. Previous to 1919, the height re-exami- 
nation had been executed partially along the lines of precise level- 
ing under consideration during the three successive years 1911 to 
1913. The results of the different surveys are given in Tables I 
and IT. 

2. Height difference between i903 and i91¢. Of the different 
bench marks taken in our consideration those furthest from the 
centre of the Usu-san, on whose northern slope the New Nountain 
is situated, are Nos. 6604, 7191 (or 9190), and 7208, as follows: — 


BOL eNow660t ee J+ km. to the N.7° W., on* the N. W. 
coast of the lake. 
e G19, eee 73 km. to the N.75°W., on the coast 
of the Volcano Bay. 
i F208, eee: 17 km. to the §.40°E., on the coast 


of the Volcano Bay. 
The height difference along the leveling lines about the Usu-san 
between 1905 and 1919, respectively 5 and 9 years before and 
after the eruption, is shown in Table III, there being no material 
difference in the result whichever of the three above mentioned 
bench marks be taken as the fixed point. Moreover the amount 
of the change was very slight for the 5 bench marks Nos. 6600 to 
6604 on the west coast of the Toya lake and for the 7 bench marks 
Nos. 7197 to 7203 on the coast of the Voleano Bay. Marked level 


change was thus limited to the Usu-san district about 5 km. in 
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Taste III. Height Difference of the different Bench Marks, 


between the years 1905 and 1919. 


Danck Height Change between | Teich | Height Change between 
1905 and 1919. | | 1905 and 1919. 

Mark. | Mark. | 

No: B.M. No. 7203 B.M. No.7191 | No. | BM. No.7203 | B.M. No. 7191 

as fixed point. as fixed point. | | as fixed point. | as fixed point. 
m. m. | m. | m. 
7191 | + 0.005 0.000 | 6596 | + 1.125 b+ 1,120 
7192 | — 0.022 — 0.027 | 6597 — 0.089 | — 0,094 
| | 
VI | + 0.340 | + 0.885 | 6598 | + 2.386 | + 2.381 
7193 | + 0.196 oT eee anager. 0.022 
7194 | + 0.181 + 0.176 | 6600 +_-:0.002 | = 0,008 
\) | 
9195 | | + 0.180 + 0,125 | 6601 | — 0.001 — 0.006, 
| | | 

7196 + 0.069 + 0.064 | ¢602 | +°'0.001 — 0.004. 
9197 +0006 | + 0001 | 6603 | +0005 | 0.000 
9198 a | ee LORE | + G08 
7199 0.000 — 0.005 | 

7200 — 0,001 — 0.006 

7201 - 0.004 | — 0,009 | 

| | 
7202 — 0.001 — 0,006 | 
7203 0.000 | = 0.005 | | 


radius, bounded on. the east by the Osaru river, and on the west 
by the line connecting the three bench marks Nos. 6599, 6597, 
and 7192, which nearly coincides with the shortest distance 
between the lake and the bay. Only the three last mentioned 
bench marks indicated definitely the depression of the ground, 
which, taking the B.M. No. 7203 at the 8.E. end as the fixed 
point, amounted to 0.017; 0.089, and 0.022 m. respectively. Om 
the contrary, the other bench marks at the western base and all 
those at the southern base of the Usu-san were considerably 


elevated; the amount of the change being specially marked and. 
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Fig. 1. Map showing the Height 
Difference in the Usu-san District 
between 1905 and 1919, respective- 
ly 5 years before and 9 years after 
the Eruption of 1910. 


The red closed curve is the boundary of the 
elevated region. The red figures indicate the 
amount of change of the bench mark heights 
in 1919 relative to 1905, plus (+) when aug- 
mented and minus (—) when lessened. 


Town or village. 


Line of precise levelling and beneh marks. 


I, II are the Dislocation Lines of the 
“ New-Mountain,” 


Contour lines, which relate to the topo- 
graphy before the eruption, are given for 
heights of 20 m., 100 m., 200 m., 300 m., ete. 
above sea-level. 


The two thin black curves A and B relate 
to the comparison of the bench mark heights 
in 1911-1912 with those in 1905, being re- 
spectively the line of no level change and the 
line of I metre elevation before and after the 
eruption of 1910. C is the line of no level 
change between 1911 and 1912. 
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Fig. 3. Map showing the Height 
Difference in the Usu-san District 
between 1913 and 1919, respective- 
ly 3and 9 years after the Eruption. 


The outer (shorter) red curve is the line ot 
no height change and the inner red curve is 
the line of 15mm. depression of the ground 
in 1919 relative to 1913. The red figures 
ee = VLA JywivEF AWWW") \ SSS \\a ) = indicate the change in the heights, plus (+) 
oe QZ tyggyyfyy), fy NSF"“ \\\\\ AO S pate ar when augmented and minus (—) when 
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I, Ii are the Dislocation Lines of the 
‘ New-Mountain.” 


Contour lines, which relate to the topo- 
graphy before the eruption, are given for 
heights of 20m., 100 m.. 200 m., 300 m., etc. 
above sea-level. 


The two thin black curves A and B relate 
to the comparison of the bench mark heights 
in 1911-1912 with those in 1905, being re- 
spectively the line of no level change and the 
line of I metre elevation before and after the 
eruption of 1910. C is the line of no level 
change between 1911 and 1912. 
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seems to be the result of a great local upheaval, essentially with 
the pivot axis situated on, and parallel to the shore line, a strip 
of the land along the lake was depressed to the maximum width of 
about 35 m., the coast itself having ‘been submerged to the maxi- 
mum depth of about 12 feet. 

As will be seen from fig. 1, the present condition of the 
change due to the eruptive activity of 1910 consists mainly in the 
elevation of the Usu-san region measuring about 10 km. in the 
N.W.-S.E. and 74 km. in the N.E.-S.W; direction. In this area 
the height change was most conspicuously displayed at the 
northern part, culminating in the formation of the New Mountain 
raised about 200 m., and in the second place, at the north-western 
part, where the B.M. No. 6598 was elevated about 2.4m. Thus 
the depression of the ground, which was only definitely shown 
just outside the portions of a special elevation, may be regarded 
as the effect of a dislocation or fault produced about the latter. 

3. Course of height variation between 1905 and 1919. The 
difference between the ground level in 1919 and that in 1905 con- 
sidered in the preceding §, which was in the main produced at and 
immediately after the eruption of 1910, is the result of the addition 
of the small subsequent height changes. The approximate course 
of the variation of the latter during the interval of the 14 years in 
question can be clearly seen, amongst the others, of the two groups 
of the bench marks, (A) Nos. 6598, 6596, and VI, and (B) Nos. 
6597, 6599, and 7192, which in 1910 suffered significant changes 
of elevation and depression respectively, and which were all sur- 
veyed in the 5 years, 1905; 1911; 1912; 19138; and 1919. Accord- 
ing to Tables [V and V, in 1912 the different bench marks alike 
suffered some depression, which in the case of the A group pro- 


gressed on uninterruptedly. It is true that the B.M. No. 6598, 
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which had experienced in 1910-1911 the great elevation of 
2.4462 m., has also suffered the greatest depression of 0.0654 m: 
in the interval of the subsequent 8 years. But otherwise the 
total depression in 1919 relative to 1911 (f, in Table V) was not 
much dependent on the amount of the elevation or depression 
produced at the time of the eruption (a, in Table V). Thus the 
change on the latter occasion of the B.M. No. 6596 was an eleva- 
tion of 1.1761 m. and that of the B.M. No. 6597 a depression of 
0.0519 m.; and yet these two bench marks had in 1919 the total 
depressions respectively of 0.0561 m. and 0.0458 m., not very 


much different from the corresponding quantity for the B.M. No. 
6598. 
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Fig. 2. Amount of the Height Change of the Different Bench Marks in 
1912, and 1913, and 1919, referred to 1911. 


Bench marks Nos. VI, 6596, and 6598 suffered marked elevations at the time of the Usu- 


san eruption (1910), while Nos. 6599, 7192, and 6597 indicated slight but distinct depres- 
sions on the same occassion. 
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Fig. 3. Map showing the Height 
Difference in the Usu-san District 
between 1913 and 1919, respective- 
ly 8and 9 years after the Eruption. 
The outer (shorter) red curve is the line of 

no height change and the inner red curve is 

the line of 15 mm. depression of the ground 
in 1919 relative to 1918. The red figures 
indicate the change in the heights, plus (+) 
when augmented and minus (—) when 
lessened. * 
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I, Il ave the Dislocation Lines of the 
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Contour lines, which relate to the topo- 
graphy before the eruption, are given for 
heights of 20m., 100 m.. 200 m., 300 m., etc. 
above sea-level. 


The two thin black curves A and B relate 
to the comparison of the bench mark heights 
in 1911-1912 with those in 1905, being re- 
spectively the line of no level change and the 
line of I metre elevation before and after the 
eruption of 1910. C is the line of no level 
change between 1911 and 1912. 
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Fig. 4. Map showing the Height 
Difference in the Usu-san District 
between 1911-12 and 1919. 


The outermost (short) red curve is the line 
of no change, and the two inner red curves 
are respectively the lines of 20 mm. and 
27 mm. depressions of the ground in 1919 
relative to the two years 1911 and 1912 taken 
together. The red figures indicate the 
changes in the height, plus (+) when aug- 
mented and minus (—) when lessened. 


Town or village. 


Line of precise levelling and bench marks. 


I, I. are the, Dislocation Lines of the 
‘“« New-Mountain.” 


Contour lines, which relate td the topo- 
graphy before the eruption, are given for 
heights of 20m., 100 m., 200 m., 300 m., ete. 
above sea-level. 


The two thin black curves A and B relate 
to the comparison of the bench mark heights 
in 1911-1912 with those in 1905. being re- 
spectively the line of no level change and the 
line of I metre elevation before and after the 
eruption of 1910. C is the line of no level 
change between 1911 and 1912. 
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Taste Vi. 


II. 


Height Variation of the Different Bench Marks 


between 1905 and 1912, and between 1913 and 1919. 


Positive (+) when the height increases, and negative (—) when the height decreases. 


[A] | 905—1912 | 1913—1919 [Bl] | 1905—1912 1913—1919. 
B. M. | (Elevation.) | (Depression.) B.M. (Depression.) 
| m. m. m. | m. 

OM b) gh ddr Fe 0.0202 | T192 — 0.0200 |  — 0.0038 
e508 | + 24001 | 00179 | 6599 — 0.0352 + 0.0021 
VI | + 0.3572 | — 00142 | 6600 | — 0.0202 + 0.0005 
7193 | + 0.2088 — 0.0133 | g60l | — 0.0237 — 0.0010 
7194 | + 0.2029 — 00180 | 6597 =%00081 ° | =~ 0.0018 
mon | 4+ 01429 «=| = corse * | 

7198 | + 00807 «= — 0.0188 | 

6197 + (00181 | — 0.0217 | 

Broa) te mages Bs. | = 0.0150 | | 

7199 0.0900 — 0.0168 | 

eee aoe — 0.0185 | 
1 are | Soler foMtean fo... = 0.0008 


j 


me 


The depression in 1912 relative to 1911, (4, in Table V), 


however, had, for the A group bench marks, a nearly constant 


ratio to the elevation at the time of the eruption (a), giving the 


mean value of 2.3%, as follows: — 


ren | (a) Elevation. | (b) Depression, 
EN | ; Ratio : b/ 
c | 1905—1911 1911—1912 pepene bis 
No. 6598 2.4462 m. 0.0461 m. 2.03 % 
» 6506 || 1.1761 0.0278 2.36 
| 
ayn * 0.3664 0.0092 2.51 


Thus the amount of the restitution (depression) of the markedly 


disturbed localities was at first proportional to that of the origina! 
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elevation. After 1913, the recovery process became very slight, 
and was, as illustrated in fig. 2, nearly of a constant rate for the 
three bench marks in question. This last fact is found to be ap- 
proximately true of all the bench marks elevated on the occasion 
of the eruption of 1910, as explained next. 

4, Weight change between 1913 and 1919. Table VI gives 
the height changes between 1913 and 1919 and between 1905 and 
1912. It will be observed that the A group bench marks, which 
had experienced an elevation in 1910, have all been depressed in 
the course of the 6 years, 1913-1919, to nearly the same amount, 
namely, from 0.0133 m. to 0.0217 m., with the mean value of 
0.0172 m. It thus seems that the Usu-san region elevated by the 
eruption is, after 1913, settling down as a whole, at the average 
rate of 0.0172/6 m.=3 mm. per year, irrespective of the extent of 
the change in 1910. On the other hand, the B group bench 
marks, which had undergone a depression in the latter year, 
indicated irregular and very slight changes in the time interval 
under consideration, giving on the average the depression rate of 
0.13 mm. per year. 

From the map (fig. 3) illustrating the results stated above, it 
will be seen that the depression curve of 15 mm. runs on the W. 
and the S. sides of the Usu-san approximately along the contour 
lines, the amount of the depression (height restitution) probably 
being greater at or near the centre of the volcano. 

5. Height in 1911 and 1912 compared to that in 1919. To 
obtain a general idea about the level change subsequent to the 
eruption, let us take the B.M. No. 7191 as the fixed point, and 
compare the heights in 1911 and 1912 with those in 1919. The 
results (fig. 4) indicate a well-marked depression all about the 


Usu-san, which, in the interval of the 7 or 8 years concerned, 
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reached the mean group values of 0.0423 m., 0.0269 m., and 0.0175 
m., a3 follows: — 


Bet? Now 65968... —(),.0422 m. 
ene Mean, —0.0423m. 
B598 Vy auc —0.0424 
T1Q4ec.u. —0.0271 
see 5 —0.0259m. 
Niles — 0.0267 
TLOaeG. =. 0188 
M8 ieee = .0L06 
DE Orch 22 —Q.O171 Ay ticks 
Wu Old? fe 5 AM a 
TO Oe ens —U.0172 
659TH — 0.0202 


To the S.E. and the N.W. of the area in question there was a 
slight height change, resulting in the mean depression of 0.0060 
m. and the mean elevation of 0.0025 m.:— 

Babin Now T1L9G: a5 —0,0082m. 

G198. 3 — 0.0037 

G5 99 is +0.0032 
GOH00 ce, +0.0043 }...... 
6601......+0.0010 | 
6. Remark on the height variation. Subsequent touthe 


5 +90.0025m., 


remarkable elevation phenomena which accompanied the Usu-san 
eruption of 1910, the restitution process has set in, whose maxi- 
mum effect was indicated at the B.M. No. 6598, the ratio of the 
total amount of the recovery to the original upheaval being 
2.7: 100. Since 1913, the process of the depression has become 
much slower, being only 3mm. per year.. Even supposing this 
change rate to be continued for 100 years, the resultant depression 
would be some 30 em., which is far smaller than the elevation in 
1910 of the B.M. Nos. 6596 and 6598. Hence the region elevated 
in the last eruption would not be brought back to its old level 


before the next volcanic disturbance, likely to occur earlier, but 
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preserve the elevated condition essentially for ever. The restitu- 
tion or level depression, which set in since 1911, extended also 
over the greater portion of the adjacent tract which had suffered a 
slight depression in 1910. The depression effect of the latter was, 
as may easily be imagined much smaller than the restitution 
change of the originally upheaved area. 

7. Lake Toya and New Mountaim. The lake of Toye : 
separated by the Usu-san from the Voleano Bay, is an irregular 
circle or rather a hexagon, about 11 km. in diameter, whose 
surface is about 85 m. above sea-level. Nearly at the centre of 
the lake there is situated the island of Nakano-shima (or O-shima), 
441 m. in height and about 3 km. in diameter, with the ap- 
pendage of the small islets of Kwannon-jima off the $.W. and a 
sunken rock off the N.E. coast. According to the hydrographic 
chart of the navy, issued in 1904, the maximum depth of the lake 
found to the N.E. and the E. of the Nakano-shima, was 103 
fathoms=188 m. (See fig. 5.) According, however, to the soundings 
made by Dr. Hidezo Tanakadate in 1917, the water depth at the 
corresponding portion of the lake nowhere exceeded 180 m. =99 
fathoms, while the maximum depth found off the N.W. coast, 
was 184 m.=101 fathoms. (See fig. 6.) This discrepancy is of 
the same order of magnitude as the depression and elevation of 
the bottom of the inner Kagoshima bay produced by the great 
Sakura-jima eruption of 1914, and may possibly be attributed to. 
the upward voleanic tension which resulted in the formation of 
the New Mountain, and which might have affected also the deeper 
part of the lake bottom, as the latter must have been brought 
down to its present level by the subsidence related to the voleanic: 
action in the immediate neighbourhood and must specially be 


sensitive to changes in the vertical direction. 


Pe LLL, 


Fig 5. Chart of the Lake of Toya (‘Toya Ko). 


Reproduced from the Imperial Navy Hydrozraphic Chart No. 17, published in 1904, or 6 years before 
the Usu-san Eruption of 1910. 
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Soundings in fathoms. Height expressed in feet above H.W. Springs of the Volcano Bay. 
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Fig. 6. Chart of the Lake of Toya. 


Compiled by Dr. Hidezo Tanakadate from his soundings made in 1917. 
Reproduced from the Chigak-Zasshi (Journal of Geographical Society of 
Tokyo), 1918. 


Soundings in metres. 
Isobaths are drawn for every 20 m. depth. 
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Eee. 
The Usu-san Eruption of 1910.  (®. Omori, phot.) 


Outburst of vapour and mud from the ecraterlet at the south foot of the West. Maru-yama, 


photographed on July 31st, 1910. (x) Mud Stream. (XX) West Maru-yama. 


Fig. 7. Meist material spreading out in divergent pointed forms at the base of the smoke column, 


Fig. 8. Projection of moist material in a single spear-head like shape. Height of ascent=100 m. 


PL XVI. 


The Usu-san Eruption of 1910. (Ff. Omori, phot.) 


a 


Fig. 9. Elevation of the West Kohan Lake Coast : a small wooden pier (x) standing entirely out 
of the water, which had receded several metres from the coast. (Aug. 3rd, 1910.) 


Fig. 10. A consequence of the Elevation of the new Mountain: Cottages at Pontokari over- 
thrown on account of the increasing inclination of the ground. The submerged trees show the 


subsidence of the shore due to the elevation of the northern slope of the New Mountain. 
(Nov. 10th, 1910.) 
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From figs. 5 and 6 it will be seen that, except on the south, 
the water depth rapidly increased off the coast as well as off the 
Nakano-shima island, the boundary of the flat bottom of the lake 
2km.in width and about 90 fathoms or 160 m. in depth, being 
reached at the distance generally. of 450 m. to 1 km. from either. 
On the south, the Nakano-shima is connected to the Usu-san by 
a submerged plateau or ridge, 2 km. in width and less than 50 
fathoms in depth. The presence of this elevated portion sur- 
rounded on three sides by a deep depression is a feature verified 
more or less similarly in the ease of the inner Kagoshima bay, 
where the shallow area surrounding the Anei (1779) islets 
protrudes northwards from the N.E. coast of the Sakura-jima and 
separates the deep basin into the western and eastern parts. (See 
the Bulletin, Vol. VIII, No. 4.) 

It is interesting that the New Mountain of 1910 has been 
raised on the southern prolongation or end of the ridge between 
the Usu-san and the Nakano-shima, which belongs undoubtedly 
to the same system of elevation as these voleanoes themselves. 
The formation of the inner and higher side of the New Mountain 
by a dislocation along a line in the direction of E.E.8.-W.W.N. 
seems to indicate that the upheaving voleanic force was manifested 
along a crack or zone of the secondary nature formed at right 
angles to the length of the ridge in question. In this connection, 
it may be noted that the line joining the O-Usu (the greater Usu) 
and the Ko-Usu (the lesser Usu), mutually distant 850 m., is in 
the direction of E.E.S. and W.W.N. (See Pl. III, the Bulletin, 
Vol. V, No. 1.) These two Usu-san domes may, therefore, be 
regarded as having been formed along a crack, which belongs to 
the same category as the dislocation of the New Mountain and was 


formed normal to the voleanie line joining the centres of the Usu- 
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san and the Toya lake. The newer and greater dome of O-Usu 
is also, amongst the others, diametrally cleft by a dislocation line 
running in the direction of N60°W.-S.60°E. 

&. Elevation of the West Kohan coast of the lake. [1 con- 
nection with the formation of the New Mountain, the elevation of 
the West Kohan (or Pontokari) coast of the Toya and the increase 
of the lake water on the occasion of the Usu-san eruption in 1910, 
will be here considered in detail. (Fora brief general account of 
the observations relating to the facts in question, the reader is 
referred to the Bulletin, Vol. V, No. J.) 

The elevation of the ground at West Kohan at the 8.8. E. 
coast of the lake, first noticed on Aug. 6th (1910), extended for 
the length of about 1 mile and had began on, or more likely 
earlier than, the date of the first eruption, namely, July 25th. 
To observe the subsequent rate of the elevation, the height of the 
lake surface was measured by means of a graduated post erected 
in the shallow water in front of the West Kohan village school, 
near the east end of the affected coast and the result was compared 
with the readings of the level-gauges at the 4 other places situated 
around the lake, namely, Naka-Toya, Muko-Toya, Takinoue, and 
Tokotan (Kohan 'Tokotan). The level observation at the former 
two of these places was instituted temporally after the commence- 
ment of the eruption, while that at the latter two had been com- 
menced some time previously by the Hokkaido Government for 
the fishery purpose. The measurement at the different places, 
whose positions are indicated on the maps, figs. J, 3, and 4, was 
made by the present author in conjunction with Messrs. Toyokra 
and Kajinuma, directors of the meteorological observatories of 
Sapporo and Hakodate respectively, and their assistants, in 1910 


and 1911, as follows: — 
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Or 
Or 


Tapre VII. Mean Group Values of the Level Gauge Reading 


at Different Places on the Coast of the Lake of Toya. 


Level Gauge Reading at | Difference. 
Date. a aaa anne 
(1) (11) (IID) (IV) (V) (III) and (It) 
(Month, Day.) | West | Naka- Mukc- || Mean of and 
Tok | Pak; | Kohan ' 1 rn 1. | (I) and tae 
| Tokotan. | akinoue) school. | oyo. | oya. | Il). (111) 
| | | ace 
1910 | shaku | shaku _ shaku | shahu shaku | shahu shahu 
VIII, 6 4:38 “03,3355 1.9) | | — — | 1.85 1.42 
7 eae | ei 16a. >| a — | a = 
| | \} 
8 essen oL5l = ma el ad 1.87 
4.50 — 1.51 ae — = = 
9 aan Pe 1.47 = 2s fae a 191 
10-11 4.45 | 3.45 Syd dat aa e260 2.10 
cee | aad WC ee i me | 2.77 2.23 
: | 1 
tee br 4.565) Asay eor0s. foe .— =) ee 2.39 
| | i: 
20-24 4.46 340 | 0.91 ee on in 292 2.49 
25-31 4.40 3.40 0.85 — 2.05 3.05 2.55 
> ee oe, 4.33 3.31 0.81 — 2.02 3.01 2.50 
8-14 4,20 3.21 O77 | 9.0.37 195 || . 2.94 244, 
15-20 AO We 3.18 0.71 | O81 | 185 || 2.91 2.42 
21-29 4.08 | Sef aetes |e OLE femme | + aes 
| | 
a a 3.29. ey ye 2-155 Oto — cee ie. BGT 2.03 
1911 | | | 
IV, 14-28 a (| 107s Tien — | a = 2.08 
XI, 13-15 8.101» Wish 2.10). peel 0.08 tat ls S05 hy) 9.69 2.13 


Tokotan (S.W. coast of the lake): Aug. 8rd to Sept. 24th, and 
Noy. 8th and 9th, 1910; 13th-15th, Noy., 1911. 

Takinoue (S.E. coast of the lake): Aug. 3rd to Sept. 19th, and 
10th and 11th, Nov., 1910; 14th-28th, April, and 15th-15th, 
Noy., 1911. 


West Kohan School (S.S.E. coast of the lake): Aug. 3rd to Sept. 
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22nd, and Nov. 10th, 1910; 14th to 28th, April, and 13th- 
15th, Noy., 1911. 
Naka-Toya (N.E. coast of the lake): 9th to 29th, Sept. 1910. 


Muko-Toya (N.W. _,, ,, ): Aug. 30th to Sept. 20th, 1910. 
| Shaku 
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Fig. ll. Height Variation of the Surface of the Lake of Toya at different points of the Coast : 
Level Gauge Readings at the West Kohan School, Tokotan and Takinoue, Aug. 3rd 
to Noy. 11th, 1910, 


ANS Tokotan. Beier Takinoue. CR W. Kohan School. 
The level-gauge readings at the different places refer to the respective arbitrary zeros. 
1 shaku=4X metre=0.994 foot. 


The results of the observations are containéd in Table X, the 
readings of the lake surface height at the 5 coast stations being 
referred not to one common datum plane, but to the arbitrary 
zeros of the respective level gauge posts. As will be seen from 
Table VII, which is based on Table X and gives the mean values 


deduced by conveniently grouping the successive observations, the 


* 1 shaku =0,994 foot= 


1 
3.3 X1 metre. 
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in the course of the first 20 days of Aug. (1910) and was thereafter 
-gradually lowered, the amount of decrease reaching 1.5 shaku on 
the 10th of Noy. next. On the other hand, at the West Kohan 
school the lake level was continually lowered since the commence- 
ment, the level-gauge indicating the decrease of 1.25 shaku in the 
interval of Aug. to Nov., 1910. Further, a comparison of the 
height readings at Naka-Toya with those at Tokotan and Takinoue 
indicates that the increase and decrease of the water level was 
nearly equal at these 4 places, which consequently must have 
sufferred no considerable height variation, or, if any, simultane- 
ously and similarly. (See Table VIII.) As illustrated in fig. 11, 
the height variation of the lake level was almost exactly identical 
at Tokotan and Takinoue, but was much dissimilar between these 


two places and the west Kohan school. 


Taste VIII. Comparison of Lake Level Variation at 


Tokotan, Takinoue, Naka-Toya, and Muko-Toya. 


{ 


: = Place of ‘vation. Lake Level 
Time Epoch. (1910) e of Observation Teena: 
shaku 
; tie A Wakei QUE een wer ele erence cetne cAeneive vine ote > 0.18 Decrease. 
Ist-7th...... 15th-20th, Sept. { MakecToya Se he BURR Geno ConC cae Se ECT Eee 0.17 * 
ae Toko tan ex otoorsamaaiers ca arene eevee: 0.17 ae 
9th-14th...... 21st-29th, 5» {Soke Toya Aaa OS eee ed en 0.20 is 
ee a Hale Nalkh= "Toyo wa. e aie coat condos atsecinacac. 0.12 " 
Sth & 10th......19 & 20th, ,, { Mtako-Teya eh ie eps 0.16 > 
: . TTOKOGRIN tetanic recishscsneceeseidtses ens sa siae 0.09 Increase, 
8th-10th...... 16th & 17th, Aug. WEE FoR aa? vc uence tae eRe CREE a Se 0.10 - 
16th-19th, 8th—1lth, {Tekinon PEE Ee Serene Mee Re alein s isbe ie 1.28 Decrease. 
deer Ee November. Teen OWS atone oe Coat aoe eee 135 


In Table XI, the height of the lake surface at Tokotan 

’ o ) 
Takinoue, and the West Kohan school, are referred to the readings 
of the graduated level-gauge posts at the respective places on Sept. 
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Fig. 12. Elevation of the West Kohan Coast : 


Reading at the West Kohan School referred to that at Takinoue, Aug. 3rd, 1910, to Nov. 15th, 1911. 
‘ 1 shaku =4X metre =0.994 foot. 
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18th and 19th, 1910, as about that time the rate of the height 
variation became slight. The difference between the height read- 
ings at the West Kohan school. and the mean of the corresponding 
values at Tokotan and Takinoue, which may be taken as indicating 
the real amount of the elevation of the ground at the former place, 
is, in the last column of Table XI, referred to Aug. 6th as the 
starting epoch.* Again, in the last column of Table X, is given , 
the difference between the corresponding height readings at 
Takinoue and West Kohan school. The course of the height 
variation represented by this latter difference is illustrated in fig. 
12. The mean elevation reached the maximum some 33 days 
after the first eruption, namely, on about Aug. 27th; the amount 
of the rise of the ground between the latter date and the 6th of 
the same month being 1.13 shaku=34.2 em., with the average rate 
of nearly 1 em. per day. Of course the elevation was at first 
much guicker, there being a rise of 0.68 shaku=20.6 cm. in the 
course of the 44 days between the 6th and the LOth-11th of Aug. 
(1910), with the rate of 4.6 cm. per day. On the 6th, when the 
fact of the vertical change of the ground was first brought into 
notice, the elevation had already reached 1 m., giving for the 12 
days since the 25th of July, the day of commencement of the 
eruption, the average rate of about 8 cm. per day. 

The restitution of the elevated coast at the West Kohan school 
set in after about Aug. 27th and continued on regularly, the amount 
of the total depression reached on Nov. 8th-11th, in the course of 
the 75 days, being 0.52 shaku=15.8 em., with the average of 0.2 
cm. per day. 


Thereafter the coast in question ceased to exhibit prominent 


* The elevation of the ground at the West Kohan school thus deduced, has, on p, 26, the 
Bulletin, Vol. V, No. 3, been converted into cm. 
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TasLe IX. Relative Level-Gauge Readings on 
11th-19th, Aug. 1910. 


Date 
(VIII, 1910.) | . 

Habel S92 + neal 2 13 14 Me Ah OLG al alk? OES 19 

Place of | | | 

Observation. | | . 

2 ces | of (ee Foe >. | ewe See OR Pros : 2s Se 
shaku | shaku | shaku | shaku | shaku  shaku | shaku | shaku | shaku 
W. Kohan School. 0.00 | 0.05 |) 0.10} O10) |::0.14. 4) 0.21 | 0.207) 0.80) O85 


0.91 1.02 
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| 


60 feet to the west. 0.00 0.06 | 0.16 | 0.24 | 0.45 | 0.62 | 0.74 
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Fig. 13. Elevation of the West Kohan Coast: 
Change Amount at Neighbouring Points. 


Level-zauge reading difference, Aug. 11th-19th, 1910: 
(A), Iu front of the West Kohan School ; 
(B), At60 feet to the West of A. 


1 shaku=4X metre =0.994 foot. 
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changes, and was found, in April and November of the next year, 

1911, to have nearly the same height asin Noy. 1910. . The rate 

of the height decrease ought naturally to be less than that of the: 
height increase, as the extent of the restitution depression was 

limited to only one-ninth of the elevation. 

The amount of the elevation was not uniform along the length 
of the affected West Kohan coast. Thus, the height readings 
taken of a graduated level-gauge erected 60 feet to the west of that 
in front of the West Ikohan school indicated in Aug., 11th to 19th, 
1910, an elevation about 2.6 times greater than in the ease of the 
latter, as shown in Table IX and fig. 18. 

%. Eruption and lake water. The water in the lake of Toya 
began to become unusually abundant from about the time of the 
Usu-san eruption in the Jatter part of July (1910). Consequently 
the flow in the Sobets river, the only outlet of the lake, was so 
much increased that in the town of Sobets, where the stream is 
narrow and about 50 feet in width, the water rose 2 feet higher 
than in ordinary times, this being an event quite unprecedented. 
Again, at the Tokotan district, a few houses on the lake shore 
were very nearly flooded; while the beach of the Kwannon-jima 
islet in the Toya, ordinarily 10 feet in width, was, at the time of 
my visit in the begining of Aug. (1910), was entirely submerged, 
some of the drooping tree branches being also immersed in water. 
These facts seem to indicate that the lake water increase of about 
1 foot at the time of the eruption was rather the consequence of 
the latter, and not due simply to the annual height variation of 
the lake surface. As the level gauges at Tokotan and Takinoue 
showed no marked fluctuations in the height of the surface till the 
latter part of Aug., the water in the Toya lake and the flow in the 


Sobets river is to be assumed to have sufferred no great decrease 
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for about 1 month after the commencement of the eruption, At 
the time of my second visit, on Noy. 10th (1910), the water height 
at Sobets as well as at Tokotan and Takinoue was found brought 
back practically to the ordinary condition. 

According to Tables X and XI, the lake surface was elevated 
at Tokotan and ‘Takinoue 0.38 shaku (=11.5 em.) and 0.25 shaku 
(=7.6 cm.) respectively, in the course of the 11 to 15 days alter 
Aug. 3rd (1910), the maximum height being reached on Aug. 
14th to 16th. Thereafter the lake surface continued to be 
lewered, the depression amounting in Noy. (1910) to 1.5 shaku= 
ASsD- Cm, 

The full meaning of this marked water decrease in November 
(1910), which is to be regarded as quite special to the occasion 
under consideration, will be realized by referring to the annual 

variation of the surface height of the Shikots lake in the Tarumai 
voleanie district. According to the Shikots ievel-gauge observa- 
tions made during the 10 years before the completion of the water- 
power dam, namely, Jan. 1900 to April 1910, the mean monthly 
water level in August was 0.147 shaku (=4.5 em.) lower than in 
November; while according to similar observations during the 
next 10 years, July 1910 to Dec. 1919, after the completion of the 
dam, the mean levelin August was 0.422 shaku (=12.8 cm.) lower 
than in Novemben Again, in the case of the shallow O-numa 
lake at the 8. foot of the Komaga-take volcano, on the opposite 
side of the Voleano Bay, the mean monthly height of the water 
surface deduced from the observations in the 6 years, 1915 to 1919, 
was 1.03 shaku (=31.2 em.) lower in August than in November. 
The occurrence of the maximum level of the Toya lake in Aug. 
1910 was thus different from the usual habit of the other volcanic 


lakes in the 8. W. part of Hokkaido. 
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10. Precipitation and lake water. [py Table XII is given the 
daily amount of precipitation observed in July-October, 1910, at 
the village office of Abuta and the elementary school of Sobets; 
these two places being to the 8.W. and to the 8.E. of the Toya, 
respectively at distances of 4 and 1 km. from the nearest lake 
coast. The precipitation was small during July and Aug., the 
total amounts for these two months being at Abuta 14.6 mm. and 
73.2 mam. respectively. The precipitations in September and 
October next were great, being at Sobets respectively 122.5 mm. 


Deod 


and 35:7 mm. Fig. 14 graphically illustrates the course of the 
variation of the height of the lake surface and of the amount of the 
precipitation in Aug. and Sept. (1910). ‘It is difficult to conceive 
the precipitation on Aug. 3rd as the agency, which caused the 
marked elevation of the water level at the middle of Aug. In eon- 
nection with the question of the precipitation, the following ac- 
count of the daily weather and the condition of the lake level at 
Naka-Toya, on July 22nd-30th (1910), is of a special interest: — 
22nd. Fair; warm in the evening. 
23rd. Cloudy. 
2ZAth.") Paar 
2othe* Fair: strong 3. i wind 
26th. Cloudy. 
27th. Fair; explosive sounds heard between 1 and 4 a.m. 
There were rumours of an overflooding of the lake 
water, and some of the people fled to the hilly 
parts. Level-gauge erected at the coast. 
28th. Rainy. At 1la.m., strong rain and thunders. At 


6 p.m., the level gauge indicated 0.3 shaku (=9 cm.) 
rise of water surface. 
29th. Rainy. At 6a.m. the level gauge reading was 0.3 


shaku higher than on the previous day. 
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30th. Rainy. There was a further water increase of 0.3 
shaku. 

Thus, at Naka-Toya, there was an increase of the aggregate amount 
of about 0.9 shaku=27.3 em. during the three days of July 28th- 
30th. This rise of the water surface might be related to the rainy 
condition of the days in question, but certainly not to a significant 
degree, as may be inferred from the following instances. Accord- 
ing to Tables XII and X, there were at Sobets on Sept. oth and 
10th the precipitation of the amounts of 24.6 mm. and 23.2 mm. 
respectively. Yet none of the level-gauges at Tokotan, Takinoue, 
Naka-Toya, and Muko-Toya indicated any special water increase 
on those days or on the following days. 

11, Cause of increase of lake water. The increase of the 
water of the lake of Toya considered in $9 might be due to the 
following three circumstances:—(i), the precipitation; (ii), flowing 
in of the voleanic mud; and (iil), the elevation of the lake bottom. 
The amount of the precipitation Gi) in the vicinity of the lake at 
the time of the eruption seems, as mentioned in $10, not sufficient 
to produce the water increase in question. With respect to (ii), 
there were poured very often mud streams from some of the 
eraterlets of the 1910 eruption into the Toya, the entire lake water 
being thereby turned turbid and light-greenish in colour. The 
total amount of the mud thus earried into the lake was, however, 
comparatively small. Even the volume of the volcanic material 
earried down by the mud stream from the eraterlet at the S. base 
of the W. Maru-yama, which was the greatest of the kind in the 
1910 eruption, was probably not much above 300 x 300x383 m.= 
1/3000 ¢. km. The contribution by the other smaller mud streams 
were much more insignificant. As the area of the Toya lake is 


about 73 sq. km., the inflow of the muds taken together would 
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have raised at the most the water level only by lcm. Lastly, 
with respect to the change of the lake bottom (iii), let us imagine 
an area of 10 sq. km. of the latter was elevated 2m. The lake 
surface would then be raised about 30 em. or 1 shaku. If the 
elevation of the same area be 3 m., the water surface would be 
raised 45 cm.=14 shaku. Thus the elevation-of the lake bottom 
of the magnitude here assumed can fully account for the actual 
change of the height of the water surface. This hypothesis is 
moreover in accordance with the probable reduction of the depth 
of the water revealed by the soundings (§7). 

12. Temperature of lake water. For the sake of reference 
I give in Table XIII the temperature of the Toya lake in Aug., 
Sept., and Nov., 1910, at Tokotan, Takinoue, and West Kohan; 
the measurement haying been made in each ease at the distance of 
about 2 metres from the coast, and at the depth of about 30 em. 


bélow the water surface. The mean results were as follows: — 


Time Interval. Lake Water Temperature. | (LV})Aic | Differences 
(1910) ve (1) bil (a) (IIT) 7 Temperature. | (1IL)-(1V) 
wa ada Maximum. | Minimum. Mean. | | 
(1) VIM, 2nd-14th. 21.70. | 18.1. 20.00. | 21.90. 15 
(2) »  15th-28rd. 22.6 21.2 21.7 Pete 345 40) ; —1.2 
(3) »  24th-81st. 24.0 22.4 23.5 22.2 1.2 
(4) IX, 1st-10th. 22.6 21.0 21.9 | 19.8 2.0 
(5) XI, 8th-11th. 13.2 | iin lf 12.2 | 7.9 44 


Thus the water temperature was highest in the (3) epoch, 
Aug. 24th-31st, the corresponding mean value being somewhat 
higher than those of the air temperature in the different epochs. 


(See fig. 15.) It is hereby to be remarked that the water tempe- 
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Fig. 15. ‘Temperature of the Lake Water compared to that of Air, Aug. o Noy. 1910. 
Vides. Lake water temperature. A......Air temperature. 


rature was thus maximum in the latter part of the month of August 
(1910), when the elevation of the West Kohan coast was at the 
maximum limit, and when the process of formation of the New 
Mountain was most active. These circumstances seem to indicate 
that cracks were formed at the time of the eruption also at the 
bottom of the Toya, thereby introducing some hot waters from 
below and increasing to a ceriain extent the temperature of the 
lake water. The existence of the submerged hot springs is pro- 
bable, as the lake of Toya does not freeze in winter. The hot 
spring, at the lake coast to the north of the West Maru-yama, 
brought into existence after the eruption and at present 42°C. in 
temperature apparently belongs to the category here supposed. 

13. The Volcano Bay. The Volcano Bay, or Uchiura-wan, 
which is nearly cireular and has the diameter of about 50 km., 
owes probably its origin to a voleanic depression. It is continued 
at the S.E. to the Pacific ocean by an opening 27 km. Wide, at 
whose N.E. and §.W. ends are placed the port of Muroran and 


the voleanie mass of the Komaga-take respectively. In spite of 
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the large extension the bay is shallow and has the maximum 
depth of only 59 fathoms=107 m. As will be seen from fig. 16, 
the contour lines of the bottom, which is on the whole flat, are not 
uranged symmetrically with respect to the centre, the deepest 
area being situated at the western part of the bay. This depth 
eccentricity may be assumed to be the result of a slight elevation 
of the eastern part of the bay along the straight line joining the 
Usu-san and the Nakano-shima in the Toya lake, on the north, 
with the Komaga-take voleano on the south. 

14. Relation of Volcano Bay to Toya and Shikots lakes. 
The lake of Shikots, situated between the two voleanoes of the 
Tarumai-dake and the Eniwa-dake, about 76 sq. km. in area, owes 
its origin also to a volcanic depression and is flat-bottomed and 
deep, with the maximum water depth of 358 m. A fact of special 
interest with respect to the Volcano Bay is the approximate 
identity of the bottom depth with those of the two voleanic lakes 


of Toya and Shikots, as follows: — 


Bottom of the Voleano Bay...... 107 m. below sea level. 
- LOWS lace oes ane 103 in. & 
2 Shikots lake...... 110m. i 


The depth of about 110m. below the sea level seems to indicate 
the limit of the volcanic depression in the S. W. part of Hokkaido. 
(See the Bulletin, Vol. VIII, No. 4.) 
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Fig. 16. Isobathymetric Chart of the Volcano Bay. PE XVIE 
(Based on the Imperial Navy Hydrographic Chart No. 17. published in 1904.) Depth in fathoms. 
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* 


Taste X. Height of the Water Surface observed at Different 
Places on the Coast of the Lake of Toya, 
Aug. 3rd, 1910, to,:Nov. 25th, 1911. 


(The reading at each place is referred to the arbitrary zero of the level gauge.) 


| Naka- | Mukc- Geer 
Date. | Tokotan. | Takinoue. Ate | Toya. Toya. || Weather. Sere 
yg LS oe Pas | | (6 a.m.) |(6- A.M.) | 
vu, | | | | | 
4910. shaku. | shaku. shahku. | | mm, 
4.20 (104 a.m.) 8.25 (43 a.m.) | 
6 || 4.38 | 3.88 1.91 | 
7 | — | pri hake | 1.66 | | | 
8 | 4.50 (11 a0.) |(F38 te Say | 1.62 | | 
9 +|| — | 3.88 (112 a.m.)| 1.47 | 
Mean, | 4.35 | 3.85 | | 
10 4.45 (104 a.m.) | 3.89 (73 A.M.) | 1.35 (2 p.m.) | 
TA =e (8.45 1.85 | | Rainy. 
Mean. 4.45 | 3.42 41.35 | 
| 
ee gee | 3.45 1.30 | | | Rainy. 
7a he | 3.46 1.25 | ieee 
14 | 4.55 (4 p20.) | 3.50 1.25 | ee. 
15 | 4.55 (Lp.m.) | 3.50 1.21 | | |, Cloudy. 
Mean. 4.55 | 3.48 1.25 | 
16 | 458 (2 ro) | 3.50 114 | | | Clear. 
17 || 4.57 (10 am) | 3.60 Y 16 ee 
18 | 455 (11 aor.) | 3.45 1.05 | | ts 
19 | 4.55 (1pm) | 3.45 1.00 | a 5 
Mean. | 4.56 3.48 1.09 | | 
20 || 4.55 3.40 0.95 | | Cloudy | 
21 || 4.55 | 3.40 0.90 | re a 
22 || 4.40 | 3.38 0.88 | | ro AN. 
23. || 4.40 | 3.40 0.92 | | Rainy. | 
24 || 4.40 | (8.44 0.90 | Clear, | 
Mean. || 4.46 3.40 0.91 | | 
25 || 4.40 | 3.40 0.86 || Cloudy.: | 
26 || 4.40 3.40 0.84 | | pee 
27 | 4.40 (9am) 3.43 0.84 | | | Fair. 
28 || 4.40 | 3.40 0.84 | | Lo Ps 
29 || 4.40 (11 a.m.) | 3.40 0.85 | | | Rainy. 8.5 
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Taste X. (Cont.) 
Date. | Tokotan. | Takinoue. | Mee Toya Toya Weather. | reba 
| (6. A.m.)| (6. a.m.) | | 
- —|}-— —|——— oo — | 
ate shahu. shaku. shaku. siaku. | shaku. | | mom. 
30 || 4.40 (9 a.m.) | 3.39 0.87 2.05 || Cloudy. 0.0 
31 | 440 (9 am.) | 3.35 0.86 2105 are | 0.9 
Mean. | 4.40 | 3.40 0.85 2.05 | 34 
IX, | | 
1910. | | 
il —_ | 3.30 0.80 2.05 || Rainy. | 6.0 
2 | | 
yA vas 3.30 0.80 2:08 | Rainy, 1.0 
4 | — 3.25 | 0.80 2.00 Re ae 4.9 
5a 3.30 0.80 105° aaa 24.6 
6 || 4.35 (11 a.m.) | 3.40 0.86 2.03 es 0.2 
7 | 4.30 (11 a.m.) | 3.35 0.81 2.02 : 0.1 
Mean. || 4.33 3.31 08t 2.02 5.3 
oa 3.25 0.78 —- 1.97 | Cloudy. — 
9 | 4.20(4P.m.) | 3.23 | 0.75 0.40 1.1.95) ee = 
10 | 4.20 3.20 | 0.75 040 | 193 | Rainy. | 23.2 
11 || 4.20 3.25 O77, 0.38 194.4 te. op 
12 |) 4.20 = ha 0.35 1.94 ES | 18 
Eye 3.30 | 0.80 O36 oi od:95~ | hae ak 
4 | — 3.10 | 0.75 033 | 194 | Fair. | 08 
Mean. | 4.20 3.21 | 0.77 0.37 1196 ain PAH | 44 
| | 
Te 3.15 | 0.75 ose | 191 | Rainy. | 61 
a 3.15 0.70 0.32 | 1.90 | Clear. 6.9 
17 || 4.10 = | 0.70 0.32 UT ne ms = 
is || — = 0.70 030 | 185 | Fair. | 7.3 
19 || 4.10 3.10 ~ 0.30 1.89 Rainy. 0.3 
20 | — = — 0.27 Ths Fair. _ 
Mean. || 4.10 3.13 0.714 0.31 185 | 3.4 
21 || 4.00 ae — 0.20 | *Fair. 5.0 
22 || — es 0.62 0.20 | Rainy. 0.0 
23 || — = soe 0.20 24 
24 | 4,00 = a 0.20 | | 16.3 
25 || — — |— 0.15 | 10.0 
26 | — = — 0.15 | | 0.0 
27 | — — — 0,15 | 0.0 
28 | — = _ | 0.0 
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TABLE, Xo (Cont. ) 


i | Naka- | Mukc- } 
West-Kohan | | op | Precipi- 
Date. Tokotan. Takinoue. School, | Loy®:.| Toya | Weather. | i otion, 
| | | (6. a.m.) (6. amt) | 
| easy aes 7 or ‘ lee gy 2 eee | 
deid. | shaku. shahu. shahu. | shahu. mm. 
29) — _ ome in O18 | 0.0 
Mean. | 4.03 = a 0.47 i 37 
xT, - | | 
1910 | j | | 
8 | 3.25 (9g am.) | — = | | 
9 | 3.30 = -- | 
10 | = | 2.10 (93 a.m.) | 0.10 (44 P.or.) | 
| ; | || 
11 | — | 2.15 (2P.m.) | — i 
| | a 
Mean. | 3.28 | 2.13 0,10 | | 
1x, | | | i 
1911. | | | i 
14 = — | | || Fair. 
16 * 168 (8am) | — | | nade. 
} | (Slightly 
17 ‘|| 1.78 0.40 (11 a.m.) | ieee 
| | windy, | 
18 | —0.10 | | Stormy. 
19 | 2.03 (6 p.m.) |--0.10 | | | 
| |f-O.15 (74 a.m.) | 
20 | | 1.96 (7 a.m.) (ee 10 (4. P.mt.) | | } 
21 | —_ |--0.02 (73 a.m.) | | | 
22 «(| i | --0.15 (73 a.m.) | | 
| i 
23 CO aa —0.10 (9 a.m.) | | 
{ i] 
24 | (2.03 (6 p.m.) |--0.20 (8 acr.) | ! 
25 (| —_ —0.02 (9 a.m.) | 
26 | = -0.05 9 a.m.) | 
27 | -— --0,02 (8 p.m.) | i 
| | | { } 
28 | 2.04 (Noon.) | 0.00 (74...) | 
Mean. | 1.97 0.108 
xI, | | (*excepted.) | | I 
i | i| 
1911. | oe i | | fRainy, 
13 | 3.10 (112 a.m.) ); — 0.00 (44 p.at.) | Aavindy 
| | | i ; 
fi! | De naeias | | Snowy, 
14 | 2.10 (94 a.m.) |--0.05 (103 Am.) | gine | 
15 || — 2.10 (8.25 a.m.)| — | | ae 
| I 
Mean. | 3.10 2.10 |--0.025 : | 
| | I} 


=~ 
to 
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Taste XI. Height of the Lake Surface at Tokotan, Takinoue, 
and West Kohan School, Aug. 3rd, 1910 to . 
Nov. 16th, 1917. 


(The height reading at each place in referred to that on Sept. 18th-19th as zero.) 


i | 
| 


|, Mean of | ae ee “4 | reed 
Date. Tokotan. Takinoue. | ice a School. ae 1 | ae + > 
I i lil 

1910. ic 8 ihe f shaku. pken i i shaku. + shaku. | shaku. 
VIII, 3 0.10 0.15 DAS rd aie a. a 
4 | 0.40 0.28 O34ei5 | aa) te = at 
5 hee aan as 7 = 3 
6 0.28 0.23 0.26 1.21 -— 0.95 0.00 
~ {oir f a f Re 030 | f 1.06 | re ove | f 0.19 
6 pM — —_ 0.31 0.86 -— 0.55 | 0.40 
ie AM { = { 0.28 { 0.28 { 0.81 is 0.53 { 0.42 
“| Noon. 0.40 — 0.40 0.81 — 0.41 0.54 
9 (Noon) — 0.28 0.28 0.77 — 0.49 0.46 
10 0.35 = 0.29 0.32 0.65 — 0.33 0.62 
11 = 0,35 0.35 0.65 —. 0.30 0.65 
12 — 0.35 0.35 0.60 - 0,25 0.70 
13 = 0.35 0.35 0.55 - 0.20 0.75 
14 0.45 0.40 0.43 0.55 2012 0.83 
15 0.45 0.40 043 | 0.51 — 0.08 0.87 
16 0,48 0.40 0.44. 0.44. 0.00 0.95 
17 0.47 0.40 0.44 0.45 = 001 = 4 0.94 
18 0.45 0.35 0.40 0.35 + 0.05 1.00 
19 0.45 0.35 0.40 0.30 + 0.10 1.05 
20 0.45 0.30 0.38 0.25 +"0.18 4 1.08 
ot 0.45 0.30 0.38 0.20 + 0.18 1.18 
22 0.30 0.28 0.29 0.18 + 0.11 1.06 
23 0.80 0.30 0.30 0.22 + 0.08 | 1.08 
24 0.30 0,34 0.32 0.2 +012 | 1.07 
25 0.30 0.30 0.30 0.16 .f +014 | 1.09 
26 0,30 0.30 0.30 0.14. + 0.16 111 
27 0,30 0.33 0.32 0.14. + 0.18 1.18 
28 0.30 0.30 0.30 O14 | + 0.16 Lag. 
29 0.30 0.30 0.30 015 | +015 1.10 
30 0,30 0.29 0.30 O47. 4) .410.88 1.08 
Sul 0.30 0.25 0.28 0.16 + 0.12 | 1,07 
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Taste XI. (Cont.) 


| Mean of | West s | ae 
ifference shaku 
Date. | Tokotan. "Takinoue, | tepmoce | School, To | gece 
i il 
4910. shal. shaku. | shaku. ¥ shaku, | — shahu. . shake. 
GU | = 0.20 620i 010" fF + 0.10 | 1.05 
2 a 0.20 0.20 0.13 + 0.07 1.02 
3 = 0.20 0.20 0.10 + 0.10 1.05 
4 a 0.15 O16, [9 010 | 4608. | 2.00 
5 a 0.20 0.20 0.10 + 0,10 1.05 
6 0.25 0.30 | 028 | 016 | +012 | 1.07 
a 0.20 O25 | O23, Gle TOM * be *4%0,12 1.07 
8 _ 0.15 0.15 0.08 | + 0.07 1,02 
9 0.10 0.13 0.12 | O05" © ts 0.07 | 1.02 
10 0.10 0.10 On| 0.05 | + 0.05 1.00 
11 0.10 Cots ol 0.13 0.07 + 0.06 1.01 
12 0.10 — | 0.10 — = «| — 
13 o. Can VP 30.26 OO. = | + 0.10 1.05 
14 zs 0.00 0,00 6.05 “| 40.08% .| 40.90 
15 — 0.057" | 0.06 0.05 0.00 | 0.95 
16 =e 0.05 0.05 0.00 | + 0.05 1.00 
17 0.00 ee 0.00 0.00 0.00 0.95 
18 = = 0.00 0.00 | 0.96 
19 0.00 0.00 0.00 es cA = 
20 = al = | es Yas 2 
21 — 0.10 — -- 0.10 — i = == 
22 — _— ee Cee | = — 
23 — ney — | cat — = 
24 =. 0210 = — 0.10 = au oe 
XLoé — 0,85 = 4085). | a = = 
9 -— 0,80 — =0.50a" | — | ae aa 
10 sway 1.00 4,00 a OROK. hs 0.40 0.55 
il = —~ 0.95 -- 0.95 a | hay = 
1911. | | } | 


IV, 17—28 = —' 1,03 Ls = O61. “r= 0,23 0.73 


XT WE is.| — #00 1,00" ||) root = o7s* WL 0.07%). | -erretas 
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Taste XII. Precipitation at Abuta and Sobets, 


May to October, 1910. 


i 


Day Abuta. pte Sobets. 
a210) July. August. | August. September. 
mm. mm. mm, mn. 
if <a — 6.0 
2 | a Ba 0.4 
3 — 38.0 | 1.0 
4 — = 4.9 
5 _ — 24.6 
yO ~— — 0.2 
7 4.0 — 0.1 
8 4.6 0.0 = 
9 1.0 0.0 ee 
10 1.5 a | 23.2 
1l | 0.5 = 5.3 
12 _ 1.5 1.8 
13 — pe pa 
14 = — 0.3 
15 — ee 6.1 
16 | = fe | 6.9 
iWe ae = = 
18 | — = 7.3 
19 | S Si 0.8 
20 1.0 — —_— 
21 — — 5.0 
22 — — 0.0 
23 — 10.5 2.4 
24 — — 16.3 
25 — — 10.0 
26 | = es 0.0 
27 — — | 0.0 
28 — — 0.0 
29 ae 23.2 8.5 0.0 
30 | 2.0 x 0.0 0.0 
31 _ — 0.9 


Sum. | 14.6 73.2 — 122.5 


October. 


mn. 
0.0 


0.0 
O.1 
0.0 
0.0 
0.0 
0.0 
5.8 
0.3 
0.0 


3.8 
0.0 
0.0 
0.0 
0.0 
0.0 
2.6 
41.9 
4.3 


TABLE XIII. 


Place of 


observation. | 


Tokotan. 
3 


Takinoue. 


West Kohan. 


Month. 


op 


ce 


5.10 p.m. 
5.45 Pom. 


| 0.30 P.M. 


6. P.M. 
7.40 A.M 


0.5 p.m. 


7.20 am. 


5. P.M. 


7.20 a.m. 


| 2. P.M. 


¥- 


Mean. 


Mean. 


Rainy. | 
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Wind. 


ther. | Direc- 
tion. 


Cloudy.| S.E. 


S.E. 
S.E. 
E. 
E. 


Cloudy. | E.S.E. 


S.E. 
S.E. 
S.E. 
S.E. 
S.E. 


N.W. 
| Calm. 


N.W. 


Ww. 
S.E. 
S.E. 


Calm, 


W. 


E.S.E. 


Intensity. | 
| 


| 


| li geht. 


| 
ies 
Gale, 
Strong. 


Gale. 


" Strong. 


Gale. 
Moderate. 


| Light. 
Moderate. 


Lihgt. 
Moderate. | 


| Strong. 


Surface Water Temperature of the Lake of Toya, 
Aug. 2nd-Nov. 11th, 1910. 


Temperature. 


Diffe- 
rence, 


0.6 


(—) 1:2 
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Tanre NII. (Cont.) 


i 


iene J | : Wea- | Wind. | 'lemperature. 
observation. e 2 Time. ther. | Tirso : ra | a7 a | Difie- 
= | Gort! Intensity.) Air. | Water. | nate 

bh | | C.| Fee | 

West Kohan, VIII 24 Clear. NW. | Light. 216 238 22 
» | 25 \Cloudy.; SE. |Moderate.| 22.3 22.4 | 0.1 
» | | 26 eat ce ee oe — | =e 
3 | 27 Fair. ees ~ He ats pe | ae 
; 28 Q E . ig | me 
» | | 29 | |Rainy.| S.W. | Strong. | 23.1 23.7 | 0.6 
” | 30 \Cloudy. Sowa} is 213 24.0 | D7) 
‘ aie ee S. |Mederate., 228 | 234 | 06 
| Mean. keGyaucedied ee alte eee 22.2 983 (+)12 
” Like aatiy. S.E. Light. | 178 | 213 | 3.5 
‘ | 2 lcloway.| w: |Moderate.| 218°) 226 alma 
j es Ds eWay eee ig9”| 2207) ee 
: eet » | SH. |Moderate| 192 | 213 | 24 
5 peck | Rainy. S.E. Light. 20.4 226 4 ie 
i | 6 | aes NW ae 20.1 | 224 | 28 
f rey | oo Se | Strong. | 198 | Bro | em 
» | oe | Cloudy. K. | Moderate.) 21.5 22.0 0.5 
4 |'9 3 W. | Light. 19.8 | 22.0 2.2 
” | 10 . s. |Moderate. 19.6 | 214 | ais 
Aiean. Sallasc. terete - Lance seaeeee | eae Aap es 3 19.8 219 (+)20 
Perce Bex do itoso aa Cloady || <2 aes 10.0 | 43.2 Seem 
| 9 | 10. a.m. 3 N. Strong. 7.6 12.0 | 4.4 
Takinoue. 10 | 915 a.m. | Clear. | Calm. | — 6.6 | 1207] 5.4 
%» | iat”) 0.2 ae. Snowy.| N.E. | Strong. | 7.2 | aay 4.5 
| Mean. |:+atettads. lie ec coer Mics -aahtee tae 7:9 em oD (4 44 


ene — u 1 | 


* ‘Between Aug. 11th and Sept. 10th, the temperature measurement was made at 11 a.m. each 
day. 
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17. On Luminous Phenomena Accompanying 
Earthquakes. 


By Torahiko TERADA, 


(Read Dec. 16, 1930.—Received June 20, 1931.) MAR 29 1932 
Treroducion UNIVERSITY OF ILLINOIS, 


Among the historical documents regarding severe earthquakes of 
the past, in Japan as well as in the other parts of the worlds, we find 
not infrequently some descriptions of remarkable luminous phenomena 
observed in the sky or on the ground before, during, or after the time of 
severe shocks. The phenomena were observed sometimes in the im- 
mediate vicinity of the epicentre and sometimes in very remote quarters. 
The descriptions of the form, colour, intensity, duration, motion and 
fluctuation of the luminosity observed are extremely variegated as the 
case may be. Still, it is interesting to remark that among these chaos 
of testimonies we may pick up almost parallel statements of quite 
independent witnesses. Thus, for example, we may cite a number of 
testimonies recorded in Galli’s collection” of such data, which have their 
respective facsimiles among the Japanese data collected by Mr. Musya” 
and the present author. The agreement between the independent 
witnesses is not only referred to vague statements of the general features 
of the luminosity, but also to very detailed descriptions only capable for 
keen observers. 

Notwithstanding these almost superfluously abundant materials of 
testimonies, the phenomena failed to attract any serious attention from 
the majority of seismologists, who apparently did not care for these 
documents at all. Even among those who came eventually to be con- 
fronted with some examples of the phenomena, skeptical opinions usually 


1) Iq@nazro GALuI, “ Raccolta e classificazione di fenomeni luminosi osservati nei ter- 
remoti, ” Bolletino della Societa Italiana, 14 (1910), 221. 
2) K. Musya, Bull. H.R.L,9 (1931), 177, (in Japanese, with English abstract). 
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prevailed. Psychological or physiological illusions were often quoted, 
without proof. Distant lightnings, firebrands, camp-fires will be often 
mentioned, again mostly without proof. In the recent years, the possi- 
bility of short-circuiting of electric transmission lines has furnished a new 
item for these would-be causes of the phenomena in question. For those 
who does not spare the trouble of examining these documents with open 
mind, it will be, however, found difficult to discard the phenomena a _ 
priori as utterly unreal or independent from the earthquakes. Tht <i 
example, A. Sieberg” spared a special chapter in his book on seismolo,,, 
for this phenomenon and states that there are some examples for which 
the usual explanation by the trivial causes seems to fail. He concludes 
by saying rightly enough that this laminous phenomenon is just the 
darkest chapter in seismology. 

Mr. Kinkiti Musya of our Institute was early interested with the 
luminous phenomena frequently described in the historical documents of 
our country concerning earthquakes and has made an excellent collection 
of these materials. The present writer was also of the opinion that the 
phenomena may be well worth a serious study and at least cannot be 
discarded as trivial without scrutiny. The Idu Earthquake of Noy. 26 
1931 occurred just at this time when our attentions towards this particular 
phenomenon was ripening, and at once furnished us with so many con- 
spicuous examples that any doubt about the physical reality of phenomena 
was completely removed and, moreover, their physical connection with 
the earthquake became a matter beyond any question. It seems, there- 
fore, not without interest to attempt here a brief review of the literatures 
regarding the matter and also to make some discussions regarding them 
though the results of Mr. Musya’s investigation are already published in 
the previous number of this Bulletin. 


Occidental Literatures regarding the Phenomena. 


Besides 148 examples given in Galli’s collections and those cited in 
Sieberg’s Erdbebenkunde, there are a number of other data at the hand 
of the writer for which the reference is made in the footnote.” 


3) A. Srepera, “ Erdbebenkunde, ” Kap. 14, Jena, 1923. See also A. Stepere u. R. Lats, 
“Das mitteleuropiische Erdbeben von 16 Noy. 1911,” Verdfi Reichsanst. f. Erdb. fors. 4. 
Jena, Heft 4. tee ie 

4) §S. Ginrner, “ Geophysik,” I, (Stuttgart 1897), 477; Corn. Tactrus’s Annali cited 
regarding the luminous phenomena observed on the occasion of an earthquake in Achiian 
cities in 373 B.C., which is the earliest example; literatures on allied matters found in citate 
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Examining these numerous. materials it will be seen that the pheno- 
mena recorded are of extremely variegated features but may be conveni- 
ently classified into a number of types, which are represented on different 
occassions in different nuances of forms and combinations. I. Galli 
elassified:” (1) indefinite instantaneous illumination, (II) well-defined and 
mobile luminous mass, (IIL) bright flame and emanation and (LV) phos- 
phorescence of sky and clouds. The class (I) was subdivided into (a) light- 
ning (lampi e bagliori), (b) sprinkles (sprazzi luminosi) and (c) streamer 
(strisce luminosi sottili). The class (II) contains (d) fire-ball (globo di 
fuoco) (e) fire-column (colonna di fuoco), (f) beam of fire (trave di fuoco) 
and (g) luminous funnel (tromba luminosa). The class (III) including 
those phenomena which appear from the earth and last for a sensible 
duration of time, is subdivided as (h) flame (fiamme), (i) little flame 
(fiamelle) (j) spark (scintille numerose) and (k) luminous vapour (vapori 
luminosi). Lastly, the class (IV) is divided into (1) diffused light in the 
sky (luce diffusa nell’aria) and (m) luminous cloud (nube Iuminosa). 
These classifications seem to cover almost all the examples in the occiden- 
tal literatures above cited as well as in our collection of the Japanese 
documents and testimonies. Though such a classification is liable to 
much ambiguity, as the meaning of the same words used by different 
witnesses may have more or less different contents, we will sometimes 
conveniently refer to this classification in the following description of 
Japanese examples. 

Examples in Japan.” 

Above forty examples of documents concerning the luminous pheno- 

mena observed in connection with severe earthquakes dated up to the 


atthe end of Chap. 4. Urgantrzsxy, “Die Elektrizitit des Himmels u. d. Erde,” (1888), 
358. R. Horrnes, ‘‘ Erdbebenkunde,” (1893), 113-116. E. Hennia, “ Erdbebenkunde,” (1909), 
111-113. J. Mine, “Seismology,” 330. K. Furrrerer, “Das Erdbeben vom 22 Jan. 1896,” 
Karlsruhe 1896, 32. ‘ On Earthquake of Dec. 17, 1896,” Symons’s Met. Mag., (1897), 183. W. 
Gaw, “ Atmospheric Phenomena during the Chili Earthquake,” Symons’s Met. Mag., (1906), 
224. A. Srepera u. R. Lats, loc. cit. Myron L. Futrer, “The New Madrid Earthquake,” 
Bull. U.S. Geol. Surv., 494 (1912), 46. Barty W1x118, “ Earthquake Condition in Chile,” 30. 
I. Gait, Joc. cit. It is said that luminous phenomena were also observed on the occasions 
of San Fransisco Earthquake of 1906 and the recent Italian Earthquake of 1930, though the 
reliable documents are not at hand. For an example of Chinese earthquake, we may cite 
WIR, ewes (1926), in which it is stated that on the occassion of Yunnan earth- 
quake of March 1925, immediately before each of the severe shocks sulphurous smell was 
felt and fiery light discovered in the sky which moved from N to S. 

5) The numbering of the classes and the alphabetical denominations are not given 
in Galli’s paper, but introduced here for the sake of convenience. 

6) Most of these examples are cited from “ Dainihon-Disin-Siryd”, some from 
Musya’s collection and the rest from other miscellaneous sources 
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beginning of Meidi Era (1868), are found in Musya’s collection, of which 
about twenty refer to the Ansei Earthquakes (1854 and 1855). The 
earliest record in Sandai-Zituroku (=4{t#{#%) states that on the occa- 
sion of the severe earthquake in Mutu, N. Japan, in 869 A.D., 
“streaming light was seen as if it was daytime” and its intensity 
seems to have shown some sensible fluctuation (764A). The 
phraseology suggests that the luminosity was something unusual and 
different from that of lightning, perhaps belonging to Galli’s class 
ITorIV. In Kamakura Earthquake of 1257, bluish flames were seen to 
emerge from the fissures opened on the ground?. This belongs 
apparently to Galli’s class III. In the case of an earthquake in 
Suruga and T6tomi 1589, the luminosity observed from a distant quarter 
is expressedly stated as “not like lightning” and also “whole sky 
illuminated.” Flying luminous bodies are mentioned in connection 
with two local earthquakes in Yedo in 1630 and 1672; as these occur- 
red in winter, the connection with thunderstorm is improbable. In 
the case of 1672, a fire-ball resembling paper-lantern is mentioned which 
was seen flying through the sky towards E. In the case of Tosa 
Earthquake of 1698, a number of fire-balls like wheel were seen flying in 
different directions. In the case of Great Genroku Earthquake of 31 
Dec., 1703, in Tokaid6, luminous “ bodies ” and “air” were frequently 
seen in the nights preceding the day of the severest shock” and, after- 
wards, a kind of luminosity like the sheet-lightning continued to be 
seen for about twenty days, even when there was no cloud to be seen. 
This earthquake occurred also in the season when the thunderstorms are 
extremely rare. It is’ needless to say that there existed no electric trans- 
mission lines. Galli’s “fiamme ” is again met with in the case of Sandy6 
Earthquake of 1828 and Sinano Earthquake of 1847. In the latter case, 
“Jampie bagliori” are also reported. One of the records states: ‘‘ Under 
the dark sky, a fiery cloud appeared in the direction of Mt. Iduna. It 
was seen to make a whirling motion” and then disappeared. Immediately 
afterward, a roaring sound was heard, followed by severe earthquakes.” 
Again, “the luminosity accompanying the enormous land-slide of Mt. 
Iwakura was of so strong intensity that it was as bright as daylight to 


7) Cf GaLet, WN. 1283" e-. =e. par les fentes que l’on me montrait (fentes causées par le 
tremblement de terre et qui n’existaient pas auparavant) on avait vu sortir du feu”; and 
many others. 

8) See foot-note, p. 235. 

9) Cf. resolving motion mentioned in p. 240. 
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every corner of houses.” At the time of earthquake of 19 Aug. 1830 in 
Kyoto and its vicinity, it is stated that in the night preceding to the 
earthquake luminous phenomena were seen in the whole sky and some 
kinds of luminosity were emitted also from the ground which were so 
bright as to be compared with daylight. The people were wondering at 
the unusual phenomena until the severe earthquake was experienced on 
the next day. In the case of Ansei earthquake of Nov., 1855, different 
forms of luminous phenomena” were reported and, in this case also, the 
season was near the minimum of thunderstorm frequency. 

As for the examples recorded after the Restoration of Meidi, we may 
cite the following. 

1889, July 28, Kumamoto Earthquake: According to “ Kumamoto 
Meidi Sinsai Nikki”, a fearful lightning flash (or flashes ?) was seen 
towards E immediately before the arrival of shocks. Afterwards, light- 
nings were observed towards W till the next dawn. In the previous (?) 


10) We may cite a few examples from Musya’s collections: “At the time of the 
earthquake, a luminosity resembling lightning was seen towards E which disappeared 
after a short time”. “ Before the noon, something like a vertical rainbow was seen 
towards SE”. “ An witness, who were afishing off Sinagawa, saw flashes like lightnings 
towards Yedo (Téky6) at three or four places.” “A party of 19 persons went to sea on 
the eve of the earthquake. Before the time of the shock a sudden luminosity was seen 
towards NE, which was so bright that the coloured patterns of their clothes could be well 
discerned. Soon afterwards, a horrible roaring sound was heard from underneath the sea, 
which gaye them an impression as if a mass of gravels were impinging upon the bottom 
of the boat. At the same time a mass of flame went flying through the sky accompanied 
with sounds.” “A person in Ikenohata, Sitaya, observed at the time of the shocks a 
luminosity towards NNW which was quite unlike a lighting. “ At Yosiwara, fissures were 
formed on the ground, from which a beam of white ‘air’ (luminosity) emerged. It 
moved aslant toward Asakusa Temple.” ‘“ A man in Usigome was surprised to see the 
window illuminated. Towards S he saw a slender beam of ruddy light which was bent like 
the handle of a kettle. He was wondering at the phenomenon when the sudden shaking 
of the ground was felt.” It seems that the luminosity preceded the first shock; more- 
over, the curved beam of light mentioned resembles to a similar phenomenon observed by 
Mr. Harrorr on the occasion of Tanzawa-yama Earthquake of Jan. 15, 1924, cited later. 
“4 traveller on his way through Koisikaw at midnight saw some ‘dark air containing 
bluish luminosity ’ which moved rapidly from NE to S accompanied with a sound like 
strong gusts of wind. Soon afterwards, the earthquake shock was felt.” ‘There are several 
witnesses who state to have seen some dark object flying through the sky which is rarely 
mentioned on the other occasions. It is possible that a physiological effect might here be 
concerned. “In the night of the earthquake, fire was seen to be emitted from the ground 
somewhere near Gyétoku, Simésa. On approaching the spot where the flame seemed to 
emerge, nothing could be found, but the similar fire was seen in front again at some dis- 
tance from thence.” 


230 T. TeraDa. { Vol. LX, 


night, a fire-column had been seen to pierce the cloud, while it was 
raining. In the night of the earthquake which occurred at about 12h, 
the sky was at first clear with abundunt shooting stars and afterwards it 
begun to rain. The season was near the maximum of thunderstorm 
frequency and we are not in possession of the weather chart of that time 
so that it is difficult to tell whether the light seen was not the usual 
lightning. 

1891, Oct. 28, Nobi Earthquake: In the preceding night lightnings 
were seen towards W from the village Miyake. Frequent lightnings 
were also seen at Tusima-Mati. 

1896, June. 15, Sanriku Earthquake with tunamis: Fishermen 
30-40 ri off the coast saw something like burning fire and after a short 
time heard a sound like cannonading towards the land. 

1909, Aug. 14, Kond or Anegawa Earthquake :+ According to Prof. 
Koto’s report, the western slope of Mt. Ibuki slided down and some 
luminous phenomena observed. | 

1917, May 18, Earthquake in Suruga and its vicinity: Fire-column 
was seen in the mountain north of Siduoka. 

1918, Sept. 11, Oomati Earthquake: According to Prof. S. Tsuboi's 
report, at the time of the second severe shock, a kind of luminosity was 
seen in the directions of mountains in Hida and Sinano to W. of 
Ikeda-Mati. 

1923, Sept. 1, Kwantd Earthquake: Fishermen of Awa saw several 
fire-column appearing in (?) the sea in a part of the Sagami Bay near the 
mouth of the Bay of Tokyd, on 1 (or 2) Sept. <A staffmember of the 
Central Meteorological Observatory observed a kind of stationary fire-ball 
in the sky of Tokyo. A woman in Hukagawa saw a flashing light on the 
sea in the morning, i.e. before the earthquake, of Sept. 1. A student 
observed unusual luminous phenomena towards the direction of Bosyt in 
the night of Sept. 2 (?). 

1924, Jan. 15, earthquake in Tanzawa-yama district: A luminosity 
was seen in Yokosuka at the time of shocks. Such was also seen from 
C.M.O., Tokyo, towards W. Fishermen off the coast of Kodu saw a 
strong light on the southern slope of Mt. Tanzawa. Mr. K. Hattori, 
Assistant in Aeron. Res. Inst., who was dwelling at that time in Terazima- 
mati on the E-side of R. Sumida, was awakened by the first shocks and 
hurried out of door, when he happened to observe a pillar of fire over the 
roof of a house towards N. It was slightly bent with its concave side to 
the right and its upper end merged into a diffuse sheet of light attaining 
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a considerable altitude. The colour of the light was pale white. The 
sky was clear. Two persons saw the same phenomenon. _ It is interest- 
ing to notice that this latter example bears a remarkable similarity with 
that depicted in Fig. 58 of Sieberg’s book cited.” 

1925, May 23, Tazima Earthquake: At the time of one of the 
severest after-shocks which occurred during the night, Mrs. Yamamoto 
of Hukutiyama observed a luminous ball, reminding her of a foot-ball, 
in the sky in the direction opposite to Kinosaki, i.e. the epicentral region. 
It moved rapidly from NE to S like a shooting star and disappeared 
somewhere. 

1927, March 7, Oku-Tango Earthquake: Mr.S. Sawada of Hirakata- 
Mati, observed at Huse-Mati a luminosity towards E which he supposed 
to be due to sparking of an electric transmission line in the neighbour- 
hood. Mr. K. Saito of Ky6to was in an electric car running from Kobe 
to Osaka at the time of earthquake. He observed an unusual luminosity 
of night sky towards Mts. Muko and Rokko, not quite unlike a distant 
fire-brand, but of quite unusual colour. Fishermen of Taiza who were 
fishing off the mouth of R. Asamo observed a luminosity above the sea 
towards E, which was more reddish in hue than the usual lightning flash, 
and paler compared with a candle light. 

1928, May 21, a local earthquake in the NE part of the Tokyo Bay: 
Mr. Hattori, Aeron. Res. Inst., observed a diffuse illumination of sky a 
few second after the first severe shock. The flashes which seemed to be of 
longer duration than that of a lightning, were repeated two or three times ; 
they also seemed to occur nearly simultaneously with the maxima of 
earth’s disturbances. Dr. 5S. Yamaguti of our Institute observed a flicker- 
ing luminosity in the southern sky which continued during the shocks 
and abated with it. The colour was like that of an electric spark and 
the luminosity seemed to reach an alittude of about 10°. 

1930, Dec. 20, a local earthquake in Hirosima Prefecture: Mr. B. 
Takeda of Sydbara-Mati states that several persons observed some 
luminous phenomena towards N at the time of the severest shocks as 
well as during some of the aftershocks. It is stated by several witnesses 
that the northern sky was illuminated by a ruddy light as in the case of 
a fire-brand. Some one is said to have seen a fire-ball. LElecric light 
was extinguished at the time of earthquake. Mr. K. Nozaka, the Master 


11) Asimilar kind of curved fire-column was seen at the time of Ansei Earthquake 
(see foot-note p. 229); another, probably of the same class, was seen in the present case of 
Idu Earthquake (see p. 232). 
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of Sydbara Common School, reports that a fire-ball was seen from the 
school towards NNW, which moved upward and vanished, followed by a 
luminosity in all directions. A member of the Village Office in Sydbara 
observed a purple flash of radiating light towards WNW. Mr. N. Emura 
of Kimita School saw white light of indefinite extention towards SE, NW 
and E respectively. The report from Kimita Village Office states that 
immediately after the severe shock of 20 Dec., an illumination of the sky 
towards NE was seen resembling a distant fire and the similar pheno- 
menon was also seen in the night of 21st. in two directions N and 8. 
Lastly, Mr. M. Hara of Kutikita-Mura, Hiba District, observed imme- 
diately after the shock a beam of light like an inverted brush or a signal 
fire rising upward and illuminating the clouds with a hue similar toa 
fire-brand. The light gradually faded upwards. Besides, a faint general 
illumination was seen in the lower sky just above the mountains, first in 
SW direction and then in SE and N. 

In most of the above examples, no strong evidence could be brought 
forth against the criticism which may be applied as regards the suspicions 
whether they were not due to lightning, electric short-circuiting etc. In 
this respect the recent Idu Earthquake of Nov. 26, 1931, may be cited as 
an unique case in which the abundance in number of testimonies far 
surpassed the total sum of all the above cited and the detailed features of 
evidences allows no room for suspicion as to the physical reality of the 
phenomena as an immediate appendage of earthquake shocks. 


Examples from Idu Earthquake of 1930. 


Immediately after the earthquake of Noy. 26, 1930 in Idu district, 
Mr. K. Musya sent a circular inquiring after detailed informations 
regarding any form of luminosity observed in connection with the earth- 
quake, adressed chiefly to the masters of the boys’ and girls’ middle 
schools in the neighbouring prefectures. The data accumulated in this 
way amount to 1168 in number.” Mr. K. Musya made a thorough 
study of these data and already published a summary of his results of 
investigations in the preceding number of this Bulletin.” The present 


12) On examining these data from the school boys and girls, it was noticed that 
their testimonies are neither always original nor independent from each other, being 
apparently influenced ‘by the effect of mutual conversations and inquiries, so that the 
coincidence of testimonies is not necessarily the proof of their truth. 

13) In the following his paper will be as K.M. 
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author also examined these data which was kindly placed at his disposal, 
and confirmed Musya’s results in the essential points.. Besides, the 
author was able to obtain about 15 data from the sides of persons more 
or less trained in scientific observations. Besides, about twenty other 
reports were also gathered from the side of laymen witnesses among the 
inhabitants of Tokyo as well as of different localities in Sagami and Idu. 
Moreover, another set of valuable data was obtained by the courtesy of 
the Central Fire-Brigade Station of Tdkyd which consists of the testi- 
monies of the firemen who were in charge of night watch on the watch- 
ing towers of different local fire-brigade stations situated in different 
quarters of the city. The latter data are especially valuable, as the 
witnesses were awake before the arrival of the earthquake shocks and 
they could be, expected to be especially alert to any trace of unusual 
luminous phenomena of night. These additional data taken altogether 
bring, however, nothing essentially new to the summary given by Musya. 

With regards to all these testimonies of witnesses, it must be always 
kept in mind that people are naturally alive to all kinds of phenomena 
observed at the time of a severe earthquake and apt to regard them as 
something connected with the catastrophal occurrence, while they forget 
to consider that the same phenomena are frequently observed on many 
other occasions not at all connected with earthquake. On the other 
hand, we learn from the results of investigations by psychologists in what 
a ludicrous manner the testimonies of people, otherwise quite normal 
in mentality, may appear distorted when compared with the bare truth. 
These points taken into due account a sufficiently numerous independent 
testimonies may still give at least a general outlines of what really 
happened. 

In the following will be given a review of the essential features of 
the phenomena with some discussions. 

(1) The extent of localities where the phenomena were observed : 

The phenomena were seen as far as 80 km. to E, 110 km. to NE and 
70km. to W of the epicentral region. The geographical distribution of 
the observers shows a peculiarity which seems to be due to different 
factors such as the density of population and the intensity of shocks felt. 
Abundance of data in the city and suburb of TokyO may naturally be 
explained by the former factor. The same factor seems to explain the 
decided superiority in number of data on the western side of R. Sagami 
compared with the eastern side. Extreme scantiness of the reports from 
the Tama Terrace, situated between Tokyo and Sagami River Plain, may 
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probably be due to both the causes above mentioned. The observers in 
Bosd Peninsula are confined within a zone with a breadth of 5-10 km. 
along the coast of the Bay of Tokyé, extending to the mouth of R. Yor6 
to Nand to Tateyama to 8. The western-most point of observation was 
at Yaidu in Siduoka Prefecture and the southern-most at the vicinity of 
Simoda, Idu. No report was obtained from the mountainous districts to N 
of the line connecting Mt. Ooyama with Hatano, Yamakita and Gotenba. 


(2) The time of observation: 


The greatest majority of witnesses were those who were awakened by 
the severe shocks, and hurried to open the door and get out. There are 
a few who became aware of the phenomena by looking out through glass 
windows immeditately after awakening. A watch-man who was in charge 
on the top of the watch-tower of Sibaura Branch Fire-Brigade Station, 
Minami-Hamaty6 18, states that he has observed a flash of light towards 
S about 10 minutes™ before the shocks, and afterward four or five spark- 
like flashes during the earthquake. He also states that the peculiarity 
of the time relation drew his-special notice. Another report due to 
Mr. T. Makino of Ito is worth of special notice, which states that a 
number of fishermen who were about to set their boat afloat in the even- 
ing previous to the earthquake observed a spherical luminous body to W 
of Mt. Amagi which moved towards NW with considerable speed. ‘This 
fire-ball was seen at about 4 o’clock pm. of 25th. while the severe shock 
occurred at 4h 3m in the next morning.” ‘Three other examples of 
unusual light phenomena seen before the midnight of 25th. in different 
places near the epicentral district are given in Musya’s paper, K.M. 
p- 179. 


14) The examples abunduntly cited in GALLr’s collection as well as in ours in which 
the shocks were felt immediately after the luminosity, may be explained by the time 
required by the earthquake waves to traverse the distance from the origin to the observer. 
The time here stated seems to be too long. It is, however, not clear whether the lumino- 
sity began to appear so early, or some kind of illusion was committed. 

15) This testimony of the fisherman reminds us of an article in NANKEr TATIBANA’S 
“Téytki” (et, Wieacd A Journey to Eastern Countries) in which a luminous pheno- 
menon is described as a foreboding of a dreadful landslide. The fishermen of Nadati, 
Etigo, who were afishing off the coast observed a remarkable ruddy glow towards the land 
which they considered to be due to a great conflagration. On landing and returning to 
their native village they were surprised to found that nothing unusual has happened in 
the vicinity. On the next day, however, a landslide of enormous scale took place in the 
same locality and buried the unfortunate fishermen who could not understand the fearful 
omen of the previous night. It may be supposed that the landslide had already been 
commenced preceding the final catastroph, somewhere in remote regions devoid of popula- 
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In this connection, a very singular fact may be recorded that Mr. 
Mukuhira in Tango, an amateur in “earthquake prediction” sent in the 
afternoon of 25th. a telegram adressed to the Director of the Science 
College of the Imperial Kyoto University giving the warning of an earth- 
quake to be expected in Idu districts at about 4 o'clock next morning, 
which turned out to be true. The photogram of the telegram was re- 
produced in Oosaka Mainiti of 28th. Nov. According to the newspaper he 
based his prediction on the observation of a certain rainbow-like phe- 
nomenon which was seen in the morning of 25th. Though we are 
unable to trace any scientific basis in his way of prediction, the coinci- 
dence is nevertheless quite remarkable. It must be remarked, however, 
that vague anticipations of a severe earthquake to occur in Idu was 
prevalent among the laymen interested, on account of the frequent re- 
petition of swarm earthquake in that region since the spring of the year. 
What is remarkable is that the exact time of occurrence was “ predicted ” 
and moreover that he was so convinced and determined as to send the 
telegram stating this very time. From the present status of our science 
we cannot but attribute this coincidence to a rare chance, but it is too 
rare and interesting to be entirely discarded from the literatures of earth- 
quake phenomena, especially because it is connected with some luminous 
phenomena in the sky, though his “ rainbow ” was seen in the daytime 
and belongs to none of Galli’s classification above cited." 


tion. In the present example of Idu Earthquake above cited, it may also be conjectured 
that somewhere in the mountainous district of the epicentral zone a conspicuous sliding 
has happened on the eve of the day of the earthquake though there is no positive evidence 
available. At any rate it is desirable in view of such a possibility to pay due attention to 
any luminous phenomenon reported to have been observed preceding a severe earthquake 
and not to cast away such data too hastily as a priori improbable. In this respect, cf. for 
example, Gait, No. 72, in which different luminous phenomena are given which were seen 
in the evening before the severe shocks. 

16) According to the newspaper “ Téky6 Asahi” of June 8, a telegram from London 
states that an unusual luminous phenomenon was observed in London in the night two 
days before the earthquake of 7th. June. A detailed description of the phenomena, if real, 
is desirable, whatever may be their actual causes. Here, we may add a case of an 
apparent prediction of the earthquake of Genroku 16 (1703 Dec. 31) by SuKEZAEMON SIBU- 
Kawa, the Astronomer of that age in service of Syégun. It is stated in a document recorded 
in “Dainihon-Disin-Siryd” that on the eve of the great earthquake, he gave a positive 
warning to the officers in the residence of Syégun to the effect that a severe thunderstorm 
or earthquake is expected in the course of that night. It is also stated that he was con- 
stantly in the habit of watching the night sky, as is natural for an astronomer. It is worthy 
of notice that he apparently treated thunderstorms and earthquakes under the common 
category (cf. ArisroreLes: Meteororum, lib. I, cap. 9). This suggests that his premonition 
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(3) Varieties of phenomena observed. 

Alinost all the varieties of phenomena classified by Galli were re- 
presented in the present occasion (cf. K. M. pp. 183-197). Most numerous 
examples seem to belong to Galli’s (Ia) lampi e bagliori, i.e. the sky was 
illuminated in a manner not unlike the usual sheet-lightning. The 
greatest majority of the observers remote from the epicentral region 
describe the phenomena as such. Most witnesses in Toky6 observed one 
of the flashes immediately after the first shock which was followed by 
three or four similar flashes with irregular intervals of few seconds, 
varying from 1 sec. to 10 sec. according to the estimation by a number of 
physicists. Almost all agree in saying that the duration of a single flash 
was decidedly longer than that of a usual lightning. The unusual 
duration has also attracted the attention of some laymen who positively 
emphacize this point in their reports. On the other hand, some state 
that a single flash was steady and showed no fluctuation, while other 
speak to the contrary. This latter point may depend upon some physiolo- 
gical effect so that it is not easy to decide which was right. Or, the- 
different descriptions may refer to different phenomena. As to the extent 
of the part of sky illuminated, there are some testimonies which state 
that it reached 20-30 degrees from the horizon, but it must be kept in 
mind that probably no one would care to look towards the zenith in such 
an occasion. The directions in which this kind of phenomena was 
observed are extremely various and contradicting with each other even 
among the observers in the same locality. It seems to depend on the 
direction at which the observer happened to be facing at the time of the 
occurrence of flash. Thus, it will depend on the direction towards which 
the window or door opens, and also on the topographical conditions, such 
as the slope of the land as well as the vicinity of sea. There will also 
come into play a probable psychological moment of the inhabitants of 
suburban districts to look involuntarily towards the city centre in the 
case of occurrences arousing general alarm. It is, therefore, hopeless to 
decide upon the position of the source of these “lampi” from the data at 


was based on some luminous phenomena not unlike lightnings. As already mentioned, it 
is recorded also in other documents regarding this very earthquake that luminous pheno- 
mena were frequently observed in the night (or nights?) preceding the catastroph, 
notwithstanding that the season was just near the minimum of thunderstorm frequency. 
All these examples as such are certainly not able to stand the criticism of scientists, but it 
will not be legitimate to cast away these cases on account of mere prejudical reasoning, 
especially when there are more than one physical possibility of premonitory phenomena as 
are discussed in the present paper. 
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hand. It will not be far from the truth to assume that in Tokyé and 
its western suburb almost the entire sky was illuminated at the moment 
of flash. 

On the other hand, the distribution of clouds at that time must be 
taken into consideration with regard to the above question. Mr. Kita, 
Student of Physics, reported from Takinogawa Observatory that the sky 
was generally clear with KC 3 towards SE-SW at 4h 5m. Another 
reliable testimony by Dr. Wadati who observed about four flashes at his 
dwelling in the western suburb, states that the sky towards S was overcast 
with greyish stratified clouds and the light seemed to be emitted from 
one of the strata. According to the data kindly furnished by Mr. Saki 
of C.M.O., the cloudiness at 2h am. was: Numadu 10, Yokohama 4, 
Tida 0, Kohu 1, Kumagaya 0; at 6am., however, a remarkable change 
had occurred, i.e. it was 10 for Hamamatu, Numadu, Nagatoro, Tigasaki, 
Yokosuka, Yokohama, Misima, Téky6, Mera, Tateyama, Hakoneyama, 
Kumagaya, Oome, Tokorozawa and Titibu, 9 for Katuura, Ty6si, Mito, 5 
for Tukubasan, and 6 for Maebasi. Mr. Kita went out of door again 
at 4h 10m and was surprised to notice the rapid change in cloudiness 
within so short a time, as the cloudiness now attained about 8 and 
beside KC in the sourthern sky there was seen a thin sheet of SC which 
was moving towards SW with the speed 5. On more flash was observed 
at that time which was decidedly longer in duration than ordinary 
lightning. 

Looking at the map constructed by Mr. Musya giving the statistical 
distribution of the directions of light observed, a tendency may be observ- 
ed that a large number of the data point either towards the Bay of Toky6 
or to the Sagami-gawa Plain. As the hour was just at the minimum of 
daily temperature, it may be suspected that there was soine component of 
ascending air current above the bay and the river plain, resulting in 
somewhat earlier cloud formation in these region compared with the 
others. 

A phenomenon reminding us of auroral streamers diverging from a 
point on horizon is described accompanied with a sketch, by a witness at 
Minato-mati in Awa on the eastern side of the Bay of Téky6 (see K. M. p. 
187, No. 73). The radiant point is identified by reference to the profile 
of hills in the background of the sketch and may be traced to the 
direction of the epicentral region. Similar sketches are given by others. 

Beams (trave) and columns (colonna) were also seen at different places 
with different forms, directions and modes of motion (cf. K. M., pp. 190- 
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194). Several observers compare the phenomena to the beam of a search 
light. Fire-balls (globo di fuoco) are also repeatedly mentioned (K. M. 
pp- 195, 196-197). It may be noticed that the ball-form and also the 
funnel-or trampet-form (tromba, K.M. p. 195) of luminosity were mostly 
seen near the epicentral districts. A witness in Odawara observed a 
fire-column, one (upper ?) end of which was bent towards Idu Peninsula. 
This reminds us of what was seen by Mr. Hattori on the occasion of 
Tanzawa-yama Earthquake (p. 230) of 1924 and also of another similar 
example of Ansei Earthquake (p. 229 foot-note). 

Highly variegated forms of luminosity which may belong to Galli’s 
(IV m) “ nube luminosa ” (K. M. pp. 195-196, also pp. 188) are abundantly 
reported, often apparently with fantastic exaggerations. Some positively 
state that detached clouds were illuminated. Mr. Musya is in possession 
of an oil painting by an observer in Hibusuma-Mura, which may be 
cited as an example of this same class. Another remarkable example 
probably belonging to this class is reported by an observer at Hongo, 
a few km. to N of Simoda in Idu, who observed three blinding flashes of 
light towards S, ie. in the direction opposite to that of the epicentral 
region. He gives a well depicted pen-drawing sketch, according to which 
it seems that the luminosity was concentrated to a portion of the sky with 
considerable altitude, giving the impression of a luminous cloud. It is 
stated that the luminosity was so strong that different objects at a 
distance of about 250 m. could be well discerned. Another observer in 
Otiai, near the former place, saw “a funnel-shaped light (sic) resembling 
a beam of search-light ” also to 8. 

In the districts not far from the epicentral region, the descriptions 
of the phenomena assume more or less definite form instead of an 
indefinite flashing of sky. One of the class of phenomena is represented 
by the personal observation of Dr. S. Nasu of our Institute who happened 
to be staying in Ito at the time of earthquake. Immediately after the 
severe shock he observed a ruddy glow above the profile of mountain 
ridges towards NW and WSW, which remained for a few minute.” Mr. 
Makino, the observer in charge of the seismograph in that town, observed 
the same phenomena. He had once happened to observe somewhat 
similar phenomena on the occasion of a great fire in Numadu (27 km. 


17) Of, Gattr No. 121: “Si videro delle fiammelle sortire dal suolo, e queste durarono 
per qualche minuto dopo cessato il terremoto.” “Sopra questo monte poco dopo il terre- 
moto fu vista una luce rossastra per brevissima durata di tempo, che illumina il paese di 
Pioraco e sembraya uscire dal medesimo monte.” 
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NW). “Comparing the two phenomena the glow due to the fire-brand 
was characterized by frequent fluctuations of intensity, whereas the glow 
seen in the present case of the earthquake was kept nearly steady in 
luminosity showing no sensible flickering.” The colour of the light was 
dark red with orange tint, according to a colour match made by Mr. 
Watanabe of It6 Common School. It seems rather strange that the 
flashing light was not stated by these witnesses. Another example of the 
same kind of glow is given by Prof. Saem. Nakamura in Vol. 3, No. 2 
of “ Disin”’ with a coloured sketch by the observer Mr. S. Nisimura in 
Ubako, Hakone. In the same Plate is shown a similar sketch by Dr. 
Nasu of his personal observation in Ito above mentioned. 

A very vivid description of the most remarkable phenomena observed 
at Hakone-Mati which was one of the most severely shaken places, is 
given by one of Musya’s collection which is due to Mr. Isiuti, his son and 
others. His son who hurried out of door and was clinging to a tree to 
keep his equilibrium observed a flashing luminosity on the slope on the 
NE side of the Lake ranging from Komagadake (4 km. N) to Kami-yama 
(5 km. N) now in a spot and then in another, thus successively in dif- 
ferent places. The intensity of light was such that trees and clouds 
illuminated by it could be sharply discerned. The sources of light 
seemed to be of a round shape sometimes large and sometimes small. 
According to Mr. Musya there is no electric transmission line passing 
this side of the lake. On the other hand, numerous land-slides took place 
on the slopes of mountains facing to the Lake. Again, according to the 
testimonies of the others the following details are given. 

“ Luminosities were seen on the mountains in different directions. 
The brightest one was at a spot near the wireless tower (1-5 km. SW). 
They were seen towards Kurakake (1-5 km. 8) as well as on the moun- 
tains in SW. The colour of the light was limpid blue.” 

“The garden and the pond of the neighbouring Hakone Hotel were 
clearly seen on account of the illumination so that the observer was not 
aware of the fact that the electric light was extinguished.” 

“The illumination was so strong that the broken electric transmission 
line lying on the ground was clearly seen and the witness took care not 
to touch it on his way. The brightness was similar to that at the time of 
full moon. Everything in the neghbourhood could be well discerned.” 

“While a staffmember of the wireless station was hurrying to Mr. 
Isiuti’s house, he could make his way without the aid of a lantern,” 
which is apparently needed in a dark night. “He became aware of the 
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darkness only when hails began to fall, about 40 minutes after the earth- 
quake. Up to that time, he could attend to his affairs without the aid of 
a candle.” 

“The light appeared to be emitted from below, during the earthquake. 
Tt was after a considerable time that it was seen in higher quarter.” 

“When the earthquake was at its height, a straight row of round 
masses of light was seen towards the Manpukuzi Temple (SW). Each of 
these luminous bodies was seen to be in revolving motion. The bright- 

ness was considerable. Their heights seemed to be equal to the top of 

" poles of transmission lines.” 

“Formerly, it had once happened that a crow caused the sparking 
of a transmission line. A loud noise was heard at that time. In the 
pressent occasion, however, no unusual sound was heard.” 

There are some reports regarding the observations made off the coast 
of Idu, which are interesting in many respects. According to Mr. R. 
Nisizima of Aziro, a number of fishermen afishing off the coast near the 
island Hasima at the time of the earthquake, observed a fearful display 
of luminous phenomena all along the mountainous districts of the ept- 
central zone. According to the manuscript of a fisherman, as reported 
from Kawana Common School, the phenomena were observed from the 
beginning on a boat off the island Hasima. The light first appeared 
above Mt. Hakone and it was seen to be propagated southwards, towards 
Mt. Amagi.” Then it was reversed in its direction of propagation and 
went back towards Mt. Hakone. The light which was white in colour was 
seen only near the ground. When he was wondering at the unusual 


18) Gf. Gari, No. 54: “ Poco prima delle furiosissime scosse . - . quelli, que avevano gli 
scuri o sportelli delle fenestre aperti, veddero nella loro camera tal chiarore, che per non 
breve spazio di tempo poterono distinguere tutti gli oggetti anchorché piccoli, che si 
presentavano alla loro vista, in modo che qualcheduno credette che fosse gid cominciato il 
giorno... . un grandissimo chiarore, col quale vedeva distintamente tutto il paese, e€ 
che tale si mantenne nel tempo ch’egli impiegd a percorrere lo spazio di 20 passi, dopo del 
quale senti egli tremare la terra.” 

19) Of. Gacut, No. 59: “ osservato di sera venir fuora certe fiammette della grandezza 
e similitudine di quelle di una picciola candela, situate una presso d’altra quasi in eguale 
distanza e direzione, formando una linea retta. 

20) COf.Gatit, No. 141: “... si vedere di notte delle striscie di fuoco attraversare il M. 
Nerone in senso orizzontale, fenomeno che si ripeté poche ore prima della scossa successi- 
va...’ Also No. 127, last paragraph. Again, No. 146: an observation, made on sea, of “ una 
luce come un faro luminoso, che lentamente procedeva da Sud-Est verso Nord-West, 
lasciando dietro una gran fascia di luce donde cadeva una pioggia di scintille.” The latter 
description reminds us of the description of land-slide in Siroyama, Oohito (p. 241). 
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sight, sudden shaking of the boat was felt, which he attributed to an 
earthquake. While talking with the others about the unusual nature of 
the shock felt, they saw fiery displays at three spots of the land, which 
he considered to be due to some volcanic eruptions accompanied by the 
earthquake. On landing, he found that there was no eruption, but a fire- 
brand was caused by -the earthquake.” As a matter of fact, fire broke 
out in the town of It after the earthquake by which a number of houses 
were destroyed. Another conflagration seems to have taken place in 
Kodu which was however due to other cause than the earthquake, and 
had been almost extinguished at the time of the earthquake shocks. 
Again, a fisherman of Siduura on the western coast of Idu is said to 
have observed on sea a large fire-ball starting from Mt. Wasidu and 
moving towards S. 

There are a few reports regarding the light observed in apparent 
connection with land-slides, inspite of the fact that the latter were 
quite numerous in the epicentral region. According to the newspaper, 
“ Misima Asahi Sinbun,” a minor land-slide at Siroyama in front of Oohito 
Station was accompanied by a display of light similar to that of a pyro- 
technic show initating a waterfall: it is stated that light was produced 
by the mass of small stones falling down along the rocky slopes of the 
mountain. In Mr. K. Hasimoto’s letter to Mr. Musya, the testimony of 
a newspaper-saler is given who saw a luminosity at the moment when a 
land-slide took place at a distance of about one km. and he attributes the 
light to the heat produced as the effect of sliding. Another -example is 
given by the testimony obtained by Mr. Musya from a chauffeur at 
Yugasima, who states that a large fire-column appeared at the time of 
great land-slide at Kadiyama. The same fact was also stated by another 
witness in Nakadmi. 

The row of round luminous bodies observed by the family of Mr. 
Isiuti above mentioned (p. 240) may also be connected with land-slides 
_ which took place in numerous spots on the slopes facing the Lake. 

On the other hand, according to the statement of a witness in 
Kadiyama recorded by Mr. Musya, no one in the immediate neighbour- 
‘hood of that place seems to have observed the luminous phenomena at 
the time of the great land-slide, while those at distant places saw such 
phenomena towards the direction of Kadiyama. 

It is rather remarkable that among the thousand data accumulated 
there are few reliable testimony of those witnesses who happened to 
observe remarkable electric sparks actually caused by breaking or short- 
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circuiting of electric transmissoin lines, though there are superfluous 
number of reports stating that the light was much alike the flash 
produced by such a sparking. It is said that a man at Misaki actually 
saw a broken electric line sparking at the ground. Another reporter 
from Matuda near K6odu writes to the effect that the luminosity observed 
was due to the short-circuiting, but it is not clear whether he actually 
observed such thing. A similar report from Mera Observatory is equally 
not quite convincing. On the other hand, there are some reports stating 
that the light was seen towards the direction at which there is passing no 
transmission line. Asa matter of fact, in the circular send out asking 
for informations there was no special item inquiring after such accid- 
ences, so that it might be supposed that the report regarding this point 
was naturally eliminated. 

There are, on the other hand, a few reports stating the conditions of 
the electrie lighting at the time of earthquake. In a village named 
Seya (84%), Kamakura-Gori, a transformer was seen to be sparking 
and immediately afterwards, the electric light went out. In Hudisawa 
and Kugenuma, the electric light dimmed awhile at the time of shock 
and recovered after a short time. Prof. N. Mononobe who was awaken 
and reading in his residence in Azabu, Tokyé, noticed a momentary 
dimming of light. The light soon recovered and then the preliminary 
tremor of the earthquake was felt. 

The author made an inquiry at the Department of Communication 
with the purpose of ascertaining whether any powerful trasmission line 
was seriously affected by the earthquake. No positive evidence could 
however been obtained up to this day. Perhaps it is not practicable to 
confirm this point after the lapse of several months. 


(4) Colour and intensity of light observed. 


The colour of the light observed is reported by a great majority of 
of observers, in the case of flashing “lampi”, as pale blue, white, or as 
similar to that of electric sparking or lightning. There are also a large 
number of witnesses who state positively that the light was decidedly of 
reddish or orange colour compared wiih the usual lightnings or sparks. 
In the case of that kind of glow which was observed over the mountain 
ridges the ruddy colour predominates. Sieberg and Lais emphacized the 
reddish tint of the light observed on the occasion of the earthquake as 
one of its characteristics. The present examples seem to confirm their 
opinion. 


Part 3.] On Luminous Phenomena Accompanying Earthquakes. 243 


It is well known that a faint light is perceived mainly by the 
peripheral region of retina which is devoid of colour sense. The colour of 
lightnings or sparks usually described as blue, pale blue, greenish grey, 
etc. seems to be really connected with this colourless luminosity. 

In this connection it may be added that an electric spark may some- 
times show an apparent propagation of luminosity along its track due to 
an optical illusion,” while the actual discharge phenomena is completed 
within a very short interval of time, 10~® sec. say, and no such pro- 
pagation can be detected by means of ordinary rotating mirror or the 
like. Some of the descriptions regarding the apparent propagation of 
luminosity along the track or beam of light, may be due to this kind of 
illusion. 

As to the intensity of luminosity observed at distant quarters, it is 
stated by a number of reliable witnesses in Toky6 that different objectss 
in the room illuminated through glass windows could be discerned (ef. 
foot-note 18). At that time, the eyes of the most observers were 
completely accustomed to darkness, so that the light might have been 
quite weak, though it is difficult to give any reliable quantitative 
estimation. Assuming, for example, that the illumination of a wall in 
Tokyo was of the same degree as that due toa single candle placed 
at a distance of 10m. and that the source of the luminosity was in 
Idu at 100 km. distance the candle power of the source will amount 
to 10.2 According to the estimation of an expert in naval engineering, 
the total candle power of a certain squadron in full display of festival 
illumination amounts to about 3.107CP. Ifa light source of these orders 
of magnitude were placed in an elevated mountain region with com- 
paratively clear atmosphere, it may probably produce a considerable 
illumination of sky even at 100km. distance, especially when there 
was a suitable distribution of clouds to catch and reflect the light. The 
question is how a source of light of such an enormous candle power 
could be produced by earthquake. 


(5) Probable and possible causes of luminosity accompanying earthquake. 


From the superfluous number of testimonies, among which we may 
cite those given by most reliable scientists, it will be beyond any doubt 
that the luminous phenomena. reported are neither entirely due to the 
illusion of untrained minds struck by the earthquake shocks, nor due to 


21) TT. Trrapa, Nature, 125 (1930), 528; Bull. Inst. Phys. Chem. Res., 9 (1930), 287. 
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some purely physiological effects, though much distortion or exaggeration 
might have slipped into the descriptions of the phenomena especially in 
the case of laymen witnesses. We may, therefore, safely take the pheno- 
mena as physically real and inquire after their probable causes. 

There are left many points still obscure as to the true nature of the 
phenonema observed, as is quite natural if we consider that they hap- 
pened utterly unexpected at the moment of general alarm and passed 
away rapidly before a few of the witnesses could recover the coolness of 
mind. Hence, it will not be legitimate to draw any decisive conclusion 
for the present, but it will be plausible and desirable to enumerate and 
discuss as many causes as are conceivable, either probable or possible, 
and thus prepare for the next occasion on which we may hope to obtain 
more accurate data from those witnesses who are well prepared for observa- 
tions of the rare phenomena and well aware of the variety of causes.as 
are here enumerated. 

(a2) Fire-brand. As already mentioned, a conflagration took place | 
in Kodu before the earthquake which was already extinguished at the 
monent of the first shock. Fire-brand in Ito broke out after the earth- 
quake and might have been seen from some observers at distant quarters 
and confounded with the other luminous phenomena. It is, however, 
difficult to attribute to this cause all kinds of luminosity observed in wide 
extent, especially those flashes resembling lightning. The ruddy glow 
seen from Itd above the mountain ridges and the similar phenomena obser- 
ved at the other localities near the epicentral region coincide in 
their directions with no fire-brand reported. Besides, the characteristic 
difference of the nature of the glow compared with that. of a fire is 
emphacized by more than one reliable witnesses. Thence, it may be 
safely concluded that fire-brand could not have been the main cause of 
the phenomena observed by the majority of witnesses. 

(b) Lightnings. There is no room for the doubt whether some of 
the luminosity observed were not due to lightning flashes of a remote 
origin. Consulting the weather maps of that time it is found that the 
weather in the night was such as is characteristic to any calm and clear 
winter night, the central part of Honsyti being under the reign of an 
anticyclonic area. Moreover, according to the reports from local meteoro- 
logical observatories, no thunderstorm could be traced within the range 
possible of such a suspicion. It was only in the night of 26th. that 
thunders are reported from Hatidydzima and Miyadu, i.e. above 200 km. 
from the epicentral district, but nowhere else. ‘Thus, the ambiguity due 
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to the simultaneous occurrence of lightning is fortunately got rid of in 
the present case. 

(c) Electric sparking. The question regarding the possibility that 
the short-circuiting of a powerful transmission line might have been 
responsible for the flash-light observed in wide extent, cannot be too 
hastily discarded, though indeed positive testimonies to this effect are yet 
wanting. There are evidences showing that the electric light got dimmer 
for a short time or extinguished at the time of earthquake in some 
locatilies at least. Some state that a transmission line was broken and 
the others that sparks actually were observed on the line or transformer. 
Moreover, it seems to be of quite common occurrence that sparkings of 
transmission lines are observed during an earthquake. It must, there- 
fore, be admitted that at least a part of the luminosity observed was 
actually due to such causes. At the time of the earthquake no electric 
tramway was running, so that the usual sparking at the pole of an electric 
car is quite out of question. The question arises as regards the possible 
intensity of the light emitted by sparking of a transmission main. In 
the case of the full display of illumination of a squadron the estimation 
of the total candle power amounts to 3.10’ CP. when the electric 
power consumed is 3000 kw. in round number. In the case of a spark 
caused by short-circuiting, the efficiency as a light source must be low 
compared with the above case. Estimating the latter efficiency at 1/10 
of that of the former and assuming that a transmission main of 30 000 
kw. was made to spark, the result will be same as that of the squadron 
illumination above quoted and may be sufficient for the sensible illumina- 
tion of sky to a considerable extent. There is, however, no evidence for 
assuming that any such powerful main was actually short-circuited and 
brought about a general extinction of light for a very wide area depending 
on such a main. Moreover, the above provisory estimation may be 
probably too high. 

On the other hand, there is a class of luminosity observed especially 
in the epicentral region and described as resembling that of a fire- 
brand and having a considerable duration of time compared with an 
electric spark, which cannot by all means be explained by an electric 
sparking. Again, the testimony above given of Mr. Isituti, as reported 
by Mr. Musya, shows that the light source of another class was seen also 
at the side of the Lake where no transmission line is running. These 
phenomena are utterly impossible to be explained by the short-circuiting 
as above considered. Again, Mr. Kita’s observation of a flash at 4h 10m 
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seems to be difficult to be attributed to this cause. Prof. T. 1t0 of the 
Mineralogical Institute, College of Science, Toky6, observed the flash-light 
at the western suburb of Tokyéd, which was seen to emerge from the 
distant horizon in the direction of the epicentral region. He observed a 
sensible after-glow of the sky in in the same direction which he compares 
to the after-glow of an aurora observed by him in Norway. Such an 
remarkable after-glow is again utterly difficult to be explained by electric 
sparking. His observation gives at the same time an evidence to the 
effect that the after-glow was not quite independent from the flash-light. 
Hence, it must be admitted that the spark theory cannot cover the entire 
eround of the phenomena observed. . 

Lastly, it appears to the author very remarkable that there are so 
many records of luminous phenomena which are described as resembling 
to lightnings, but not quite similar to these, either with regards to their 
duration, or to their colour, and moreover, that the descriptions of these 
phenomena by the modern witnesses agree in many essential points 
with those given by the documents, either Japanese or European, 
dating back to the time when no electric transmission line existed 
at all. 

(c) Land-slides and triboluminecences produced by them. It is 
known that considerable luminosity is observed on the occasion of land- 
slides. O. Vogler’s and C. L. Griesbach’s papers are cited in Sieberg’s 
book in this very respect. The luminosity emitted from chalk-pits, 
which is mentioned in Milne’s “ Seismology,” may probably belong to the 
same category. In Prof. B. Koté’s report on Kono Earthquake, it is 
stated that some luminous phenomena were seen in connection with the 
land-slide on the slope of Mt. Ibuki. In the present occasion, some ex- 
amples have already been given which positively state that some kinds 
of such phenomena were actually seen accompaying land-slides. It seems, 
therefore, that the most probable cause of some kinds of the luminosity 
observed in the present occasion may be attributed to this effect of land- 
slides. According to the map prepared by the Land Survey Department 
showing the geographical distribution of land-slides caused by the present 
earthquake they are quite numerous along the meizoseismal zones, 1.¢. over 
seventy, even if we only take the most conspicuous ones into account. The 
question of after-glow could also be solved by this effect, if we consider 
that a land-slide may be followed by subsequent series of minor slidings 
and it may take a sensible time before settling down to the stable state of 
equilibrium, especially when the earthquake is still continuing to disturb 
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the equilibrium. It is not necessary to inquire after the after-glow effect 
of triboluminescence itself, which seems to be not yet fully investigated. 
The question is, however, whether this effect may quantitatively suffice 
to explain the enormous intensity of luminosity observed. In this 
respect, the author devised a provisory experiment which was carried out 
in the Institute of Physical and Chemical Research by the able hands of 
Dr. M. Hirata and Mr. T. Utigasaki, to whom the best thanks of the 
author are due. Different kinds of rocks at hand were subjected to 
erinding by means of a usual tool-grinder in form of a disc which is 
revolved with an electric motor. The light emitted from the line of con- 
tact between the rock specimen and the cylindrical surface of the grinder 
dise (5 mm. in thickness) was compared with that of 100 lighted “ senko” 
(incense sticks used by Buddists), by means of a simple Bunsen photo- 
meter, as a candle or Hefner lamp was not convenient for the direct 
comparison. The “ 100 senk6 ” light was afterwards compared with a 
candle by the same photometer. Though the measurement was very 
rough, it was deemed sufficient for determining the order of magnitude 
of the luminosity, as such only is here in question. The results of the 
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pressure between the specimen and the grinder, at least within the range 
practicable without stopping the motor by the braking action. Secondly, 
the intensity of light emitted increase with the peripheral velocity of the 
grinder, first slowly and later rapidly, as shown by Fig. 1, in which the 
abscissa gives the peripheral velocity in 10° em./sec. and the ordinates in 
a provisional unit of “ 100 senk6” which is roughly equivalent to 4.107° 
CP. The order of magnitude is not much different for different kinds 
of rocks tested. Assume now for the sake of estimation that in the 
area disturbed by a land-slide, every unit area contains J cm. of the 
luminous line-element similar to that of the line of contact between the 
rock specimen and the grinder. It will not matter much that in the case 
of the experiment the two pieces in contact were of different substances. 
Take the emission per5mm. as px4.10-° CP. Then the emission per 
1em2 of the area will be plx8.10-> CP. Assuming one of the land-slide 
to be of an area equal to that of a semicircle with the radius of 100 m., 
the total area of a single slide will be 1-57.10°cm’ Thence, the total 
light for the single slide area will be about plx 128.10? CP. If one 
hunderd similar land-slides may be assumed to cooperate at the same 
time, the total will make plx1-28.10°CP. Hence if we put p=10 and 
1=10, the result may become 1-28.10’ CP. which is of the same order of 
magnitude as the total CP. of the luminous display of a squadron above 
cited. It seems, however, that the above is a very exaggerated estima- 
tion. Firstly, the entire area affected by land-slide cannot become 
luminous, since the large relative velocities between consecutive masses 
of rock can only be sensible at the very slip-plane,” so that the effective 
area must be estimated at most at 1/10 of the above value. Secondly, 
the assumption J=10 means that every cm contains 10 em. of luminous 
lines, which appears almost incredible, since the finer the grains pro- 
duced, the more the relative velocity of grains 1s decreased. Again, 
p=10 is also an over-estimation which according to Fig. corresponds to a 
velocity of 3x 10° cm./sec. If the height of fall of a rock mass be hm. 
which is assumed to fall freely, the velocity aquired is / 2hg. If h=50 m., 
we obtain a velocity of 31-3 m./sec. which is of the order of magnitude 
required. In actual case, however, the sliding mass is subjected toa 
considerable braking action on account of the friction, so that the effective 
acceleration will be multiplied by a reducing factor equivalent to the 


22) Different kinds of beam or column of light can be explained if we assume that the 
light is emitted from the interior of the crevasse formed at the instant of its opening and 
sliding. A fire-ball might be due to an illuminated spot of cloud. 
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difference between the static and kinetic coefficients of friction. Even if 
v=20 m./sec., p is only of the order of unity. Thirdly, it is also an 
over-estimation to assume that 100 land-slides took place simulaneously 
to contribute to a single flash of illumination of the sky at a given direc- 
tion, a fortiori because the solid angle of illumination is always limited by 
the topographical configurations. 

Thus, putting J=1, p=1 and the effective area=1/10 of the value 
above assumed, the total candle power is reduced to the order of 10*. 
This is still no small figure, but it seems doubtful whether the source of 
these order of magnitude may explain the observed intensity at a distance 
of 100km. The illumination of a source of 10* CP. at 100 km. will be 
equivalent to that of a single candle at 1km., even if there were no 
absorbing medium. Hence, the light observed within a house in Toky6 
is difficult to be attributed to this cause. On the other hand, there are 
some evidences already mentioned showing that at least some of the 
flash-light observed in Toky6 are originated from somewhere in epicentral 
region and not connected with electric sparks. ; 

In the above, the estimation of p was based on the laboratory experi- 
ment and given as the function of the relative velocity of sliding. A 
possibility must be kept in reserve that in the actual case of land-slides in 
a great scale, another kind of mechanism for producing luminosity may 
come into play and contribute to increase the value of p to a considerable 
amount. If some of the old documents, stating emission of light from 
fissures on ground, may be true, we must take account of such effect which 
does not depend on the velocity of sliding. Even in that case, it is 
difficult to assume that the order of magnitude of the luminosity can be 
quite different. A thorough investigation is, however, desirable on this 
very respect. 

Lastly, it may be remarked that there are some phemomena observed 
which are not easy to be explained by the luminosity due to land-slides 
even in qualitative sense, such as the strong luminosity observed towards 
the southern sky from the vicinity of Simoda, Idu, as no remarkable 
land-slide is reported from that region and also it is improbable judged 
from the intensity of shocks in that district. It is, indeed, not yet 
certain whether a sparking of electric line has not occurred somewhere 
‘near Simoda. If we may rely upon the fine sketch made by the witness, 
‘the altitude of the concentrated luminosity is seems to have been far too 
greater than that of any transmission line possible. 
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(d) A possible cause of luminosity due to the motion of water in 
the earth’s crust. 

In the early stage of the author’s present investigations, the data 
from the immediate vicinity of the epicentral region could not yet be 
obtained ; especially, no report was at hand regarding the luminosity 
observed in connection with land-slides. While seeking then after all 
conceivable causes of luminosity which may come into play on such an 
occasion, the author hit upon a possibilty which seems to have been 
utterly neglected to be taken in account in all previous discussions con- 
cerning the phenomena. A preliminary discussion was therefore made 
on this point and the result was communicated to the Proceedings of 
Imperial Academy, Vol. VI, 1930, No. 10, p. 401-404" It was shown 
that the motion of water through subterranean layers containing a net- 
work of capillary channels may, under favourable conditions, produce an 
enormous potential difference in the upper atmosphere and excite a 
luminous electric discharge in a higher region. The dscussion will be 
reproduced in the following with little modification. 

According to the investigations of Wiedemann, Quincke, Helmholtz 
and the recent students of “surface chemistry,’ a potential difference 
called “ Stromungspotential”’ is established between the two ends of a 
capillary tube, through which a liquid is made to flow under a pressure 
gradient. The P.D. is given by 

Vailas ¢ Dpa 
Any 
where ¢ is the kinetic potential (mostly 0-01-0-05 volts), p the total 
hydrostatic pressure difference, D, o and y respectively the dielectric 
constant, specific resistance, and coefficient of viscosity of the liquid. 

For application to the case of earthquake, we will consider here 
two kinds of “ models,” for which the juvenile and meteorological waters 
are the respective working liquids. 

(1) The disturbance of a severe earthquake will affect the earth 
crust to a depth comparable with the linear dimension of the megaseismic 


23) When later consulting GALLI’s paper, loc. cit. the author came across the following 
passages among the article No. 128, regarding to Andalusian Earthquake of 25 Dec., 1884, 
quoted as “ dai rapporti ufficiali di Formes, Murchas, Nigtelas e Periana ”: “...ne abbiamo 
una spiegazione semplicissima quando si ammetta la teoria geodinamica, fondata principal- 
mente sul vapore d’acqua. Questo, infatti, salendo con sufficiente pressione per le fessure, 
pud dare origine ad una manifestazione elettrica, come si ottiene artificialmente nei 
gabinetti di fisica colla machina Armstrong.” 
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area. We will assume, for example, that the water is displaced vertically 
upwards through numerous capillary channels existing, or freshly set free 
in the crust due to the deformation, under a pressure which is of the 
order of that prevailing in the depth of 100 km. or may be much larger 
at least for a short time in the case of a catastroph. In that case, P.D. 
calculated from the above formula will be established between the upper 
and the lower layers and maintained as long as the flow is continued. 
For a rough estimation, we will take ¢=0-05 volts, D=81, «=1000 
ohms/cm*., 7=107* ¢.g.s.2? For p we take p=ap,, where a is an unknown 
numerical factor and p, the hydrostatic pressure due to 100 km. column 
of rock with the density of 8, i.e. py=3.10"c.g.s.> In this case we obtain 
E=23-3 a. 10° volts. Thus, even if a=1, we have a value of 3000 KV. 
The value of the potential in the atmosphere depends on the geome- 
trical form of the equipotential surface on the ground. If it be assumed 
as spherical, with a radius R, the potential at a height H will be Ey = 
ER/(R+H) and the field Fy =—ER/(R+H)*. The sparking potential 
of atmosphere is the least at about 60 km. height, where the pressure is 
of the order of 0-lLmm.Hg. Putting R= H=5km., the field at the 
height H is Fy =—5E.10-°. If we take the value of EH above obtained, 
then Fy = —0-165 volts/em. In the case of the Moore vacuum light, the 
driving field is about 2 volts/em. which will require @ = 12, a value a 
little too large to be expected. This is, however, not necessary in the 
present case. The sparking is facilitated by many circumstances such 
as the heterogeneity in conductivity and the presence of ionisation and 


24) We take this value, since the water may be of a temperature higher than 100°C. 
For o we have no available data for subterranean water. Besides, the conductivity of rock 
in the depth is unknown and if it be large the result of calculation will be sensibly 
modified. On the other hand, the subterranean water may be in gaseous form in which 
case no experimental data are available. The fact that an enormous P.D. is produced 
along the pillar of voleanic dust on the occasion of eruption will show that the kinetic 
potential between the rock materials and the superheated steam must be of a large value, 
as in this case also the P.D. is produced by the relative flow of the gas along the heated 
rock material. 

25) The strength of rock materials against one-sided crushing load is usually of the 
order of 1000 kg./cm?.=109 c.g.s. The hydrostatic pressure in the depth corresponding to 
such an order of stress difference may be of a higher degree than this strength. This will 
also support the above assumption for p. 

26) In this repect, the readers are referred to a paper: T. TERADA, U. Nakaya and 
K. Yumoro “Some experiments on spark discharge in heterogeneous media—a hint on the 
mechanism of lightning discharge,” Sci. Pap. Inst. Phys. Chem. Res., 4 (1926), 129-160. It is 
demonstrated that an abnormally long spark may be drawn under suitable conditions. 
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space charge. For example, we may expect a considerable increase of 
the field near the lower boundary of the Heaviside layer. At any rate, 
the value of P.D. between the layer above the epicentral region and the 
surrounding atmosphere is far greater than the ordinary cathode fall of 
any vacuuam discharge, even if we take a<12? 

The duration of the above phenomena may be short and could not 
affect the usual recording instrument of the atmospheric potential. 
Again, the horizontal potential gradient is small, so that the telegraphic 
lines might not necessarily be sensibly affected.» 

(2) The meteorological water contained in the water-bearing layer 
near the ground surface may be forced to a horizontal displacement 
under the pressure gradient caused by earthquake. In this case the 
process may be of a more gradual one than in (1). Here we may take 
a=1and 7 =0-01:¢ = 15°). ‘Then, # = 3x 10° volts). The headeand 
end of the canal may be compared with a dipole, in roughly estimating 
the effect at the a great distance. Ifthe length of the dipole be l, we 
may take E/l = F,, for the field in the middle point of it and compare 
F,, with the field F, at a distance ol. For |= 20km. #, =15x10™. 
K. Shiratori® observed a change in earth’s potential gradient of about 
4.1077 volts/em. at Sendai, on the occasion of the Kwanto Earthquake 
of 1923. Thus #;,/F, = 2:7x10-*% As the distance of Sendai from the 
epicentre is about 800 km., p = 40. On the other hand, the field due to 
a dipole varies as pF, disregarding the factor due to the azimuth. 
The above p will therefore give F,/F,, = 4-7 x 107°, which is of the same 
order of magnitude as derived above from the observed Fj. Hence, it is 
possible that the effect observed by Shiratori cannot be merely due to the 
change in contact potential or resistance of electrodes, but might well 
have been produced by the real electrical effect of the earthquake. 

The case of quadruplets as well as of octuplets may also happen, 
especially the former in the case of Shida’s “ pull-push ” model. 

At the present moment, the above may be taken as a suggestion 
regarding to a physical possibility, which must at any rate be taken in 


27) In the above model, the case was considered as statical. It may also be possible 
that a disruptive discharge may take place somewhere in an underground layer and induce 
an additional field in the atmosphere. Moreover, a large P.D. may already exist in the 
upper atmosphere before the seismic disturbance, and the latter may then act as a kind 
of trigger. For the present we may better leave these possibilities as open questions. 

28) The magnetic effect may also be small due to the radial nature of the current 
sheet. 

29) K.Snrrartorti, Jap. Journ. Astr. Geoph., 2 (1924), 173. 
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account, if we attempt to make a thorough investigation of the problem 
at hand, though the author is far from venturing to explain all the 
phenomena observed in the present case by this special possible cause”. 

In this connection, it will be of some interest to remark that on the 
occasion of the Idu Earthquake an unusual fluctuation of current were 
recorded by the recording system for the submarine cable of Guam Line, 
though it cannot be ascertained whether it was not due to a merely mecha- 
anical cause. Again, on the occasion of an earthquake in the neighbour- 
hood of Toky6 on 30th January of this year, a remarkable oscillation was 
revealed in the recording system™ of earth-current. between Toky6 and 
Hoya, while the similar system between Tékyé and Yokohama showed 
no trace of such fluctuation of the current. The former circuit is per- 
pendicular to the direction of the epicentre, while the latter is nearly 
parallel to it. Similar cases may be found frequently in the earlier 
literatures” of earthquake phenomena, though regarded mostly as trivial 
and neglected by modern students of seismology. It seems, however, not 
quite superfluous to resume the investigations in this line with improve- 
ments of the method which will be possible in these days to be applied 
for ensuring the reliability of the results far greater than was attainable 
in the past. 

Another fact already mentioned that the cloudiness of sky showed a 
remarkable abrupt change at the time of earthquake, cannot be over- 
looked as purely accidental without a further inquiry. It is well known™ 
that the formation of cirrus cloud is frequently connected with an auroral 
display which is a mode of electric discharge in upper air, though the 
real physical connection between these two phenomena is still obscure. 


30) ‘here remains to be mentioned another electro-capillary effect which is comple- 
mentary to that of “ Strémungspotential,” ie. of “ electro-endosmose,’”’ by which a hydro- 
static pressure gradient may be generated by an electric current. The fact that severe 
earthquakes seems to take place frequently associated with thunderstorm may be worth 
attention when viewed under the stand point of the present note. 

31) The self-recording apparatuses of the earth-currents have recently been installed 
by the authorities of the Department of Communication. The records here mentioned 
were kindly shown to the author by Mr. S. Inapa of that Department for which the author 
feels greatly obliged. The earthquake occurred at 10h10m. 41 sec., 30th. Jan., 1931; the 
epicentre is located at the Kokai-gawa basin; the maximim amplitude in Toky6 was 
about 0.4 m.m, 

32) Some of them are mentioned in URBANITzKy’s book, LOCHGI Ole 

33) Arruenntvs, “Lehrbuch der komischen Physik,” (1903), 907; E. Marutas, “ Traité 
WVelectricité atmosphérique et tellurique,” (1924), 346; Handbuch der Experimental-Physik, 
Bd. 25, Teil 1, 472. Also GaALtt, loc. cit., 439. 
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It seems therefore interesting to pay attention on this special point in 
future occasions of severe earthquakes accompanied with, or without, 
luminous phenomena, and to make a thorough investigation regarding 
the clouds as well as the general weather conditions before and after the 
earthquakes. 

In concluding, we may repeat that certain classes of the luminous 
phenomena observed on the occasion of severe earthquakes are physically 
real and directly connected with the earthquake. The question as to the 
true cause of the phenomena is not yet settled. The ultimate solution of 
the problem must be reserved for a future when a more sufficient reliable 
material of observations would have been accumlated. It is, therefore, 
desirable that on any future occasion of severe earthquake the seismo- 
logists as well as the other scientists capable of reliable observations with 
open mind would be keenly alive to the appearance 7 such phenomena 
and keep detailed records of what were observed. 


The author’s cordial thanks are due to Mr. Musya who kindly placed 
his entire collection of data at the author’s disposal and not less to many 
of the scientific members of different Institutes, among which our Earth- 
quake Research Institute, Aeronautical Research Institute and Central 
Meteorological Observatory must be especially mentioned, for the most 
reliable data of their personal observations. For the valuable informa- 
tions regarding the literatures of the subject, he is greatly obliged to 
Prof. T. Okada, Director of the Central Meteorological Observatory. 
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34) <A similar change of weather happened in the case of Kumamoto Earthquake of 
1889 above cited. Other parallel cases are not wanting, e.g. B. Willis, Chile earthquake, loc. 
cit., though a thorough statical investigation must be carried out in order to make this 
point clear. 
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In Kwantd, Tango and other districts, where the leveling or trian- 
gulation surveys were carried out more than twice in the same districts, 
the vertical displacements of bench-marks or triangulation points are 
generally found which may be considered to have occurred during the 
time interval of the two successive surveys, 

In the preceding paper,” the present writer pointed out that the 
apparent discontinuities in the vertical displacements of bench-marks are - 
due partly to the configuration of the leveling routes. In the present 
paper, the writer introduced a method to analyse the data of vertical 
displacements of bench-marks, which might not be affected by. the 
configuration of the leveling routes. Then he investigated block move- 
ments of the earth’s crust referring to the data of vertical displacements 
of triangulation points in Bés6 Peninsula. 


1. A Method for determining Blocks. 


When vertical displacements of bench-marks or triangulation points 
are given, there may be a number of methods for determining the extent 
and form of each constituent block and also for investigating its move- 
ment. The present writer employed a method described as follows. 

Taking pairs of triangulation points, we measure the distance s and 
the difference of vertical displacements dh between the two triangulation 
points, together with the azimuth @ of the direction of the line connecting 


1) An abstract of the present paper was already appeared in Proc. Imp. Acad., T 
(1931), 150. 
2) N. Mrvass, Bull. EB. R.1., 9 (1931), 1. 
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the same pair of triangulation points, with reference to some definite 
direction, for instance, N. \dh is divided by s, the distance between the 
two triangulation points, and the quotient is put equal to tan¢, where ¢ 
denotes the angle of inclination of the line connecting the corresponding 
pair of the triangulation points. 

When a number of triangulation points are situated on the same 
block, @’s and tan ¢’s measured between every pair of these triangulation 
points are connected by a relation expressed by an equation 


tan 6 = tan $,, cos (@— Om), (1) 


where @,, and 0,, denote the magnitude and the direction of the tilting of 
the block, respectively. / 

Conversely, if a number of triangulation points are such that the 
measured tan 6/s and 6’s between every pair of them are connected with the 
relation (1), they are regarded as situated on a single block, $,, and 6,, of 
which being estimated on the 6-tan % diagramme, 

The relation (1), however, holds exactly right when the surface of the 
block is horizontal before its movement. If the surface of the blotk is 
inclined, or, two triangulation points of a pair are situated at portions of 
different heights, the slope may be expected to affect the value of tan to 
some extent. To investigate the effect of the topographical slope, we 
consider two points A and B situated at different heights (Fig. 1). After 
a block-movement, B comes to B’ relative to A. Let the height-difference 


measured between A and Band that measured A and B’ be h and h+oh 
respectively, and AC be s, then we have 
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tan? = dh/s = B'D/AC = (B'O'— DC’)/ AC = (B'C’ — BC) AC, 
BC’ = AB’ sin ¢’, BC = ABsin ¢, 
AC = AB cos ¢, AB = AB. 
Therefore, tan ¢ = (sin g’—sin ¢)/cos ¢. 
Put g' =y+d4y = o+4, 
and we get sing’ = sin(¢+6) = sing cos¢+cos¢ sin 9. 
Now ¢ is small enough for expanding cos ¢ and sin ¢ in terms of ¢. 
Hence, we have for the approximation of second order 
sin ¢ (1—°/2)+ 6 cos e—sin ¢ 
COS @ 


= o>-9/2tang, (tang = BO/AC = h/s) 


tan? = 


where —$°/2 tang is a term of correction due to the topographical slope 
between the two points A and B. The value of the term of correction 


tends to be infinite, when ¢ approaches to an Therefore, the correction 


due to the slope may not be disregarded when the topographical slope, ¢, 


of the surface of the block is very near to Boe But, in most cases, at 


~ 


least in our present case, magnitudes of g's rarely exceed brs, Hence, 


the correction due to the topographical slope, ¢, may be disregarded in 


i 


our present case. 


2. Blocks in Bés6 Peninsula and their Movements. 


The above method for determining the form and extent of each 
constituent block, together with the magnitude and direction of its tilting, 
was applied to analyse the data of vertical displacements of triangulation 
points in Bosd Peninsula. Distances and directions, with reference to 
N., of lines connecting different pairs of triangulation points are measured 
on the topographical maps of the seale of 1/50000. Fig. 2 shows the block 
structure and tilting of each constituent block in B6os6 Peninsula obtained. 
Lengths and directions of arrows in the figure denote the magnitudes and 
directions of tiltings of constituent blocks. Dotted lines are probable 
boundaries of the groups of triangulation points which are regarded as 
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Fig. 2. Blocks and their Tiltings in Bésé Peninsula. 
(The Magnitudes and Directions of the Arrows correspond to those of Tiltings of the Blocks. ) 


situated on respective blocks. The relation (1) holds in each group of 
triangulation points or in each constituent block, as shown in Figs. 3, 4 
and 5, which correspond to Blocks V, XIX and XXXIII respectively. 
In these figures, O’s are the marks for the triangulation points which are 
regarded as situated on the respective blocks, the tiltings of which are 
represented by the curves drawn with thick full lines, while, @’s are the 
marks for the triangulation points which are not on the same blocks as 
represented by the curves and the marks O’s. 
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Examining the geographical distribution of the directions of tiltings 
of these blocks, we notice several groups of blocks, in each of which the 
directions of tiltings of the constituent blocks are approximately the 
same; for instance, a group of Blocks VIII (107°), XTX (89°), XXI (100°), 
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XXIT (73°), XXV (70°) and XXVI (76°) and another group of Blocks V 
(31°), VI (46°), VII (38°), IX (52°), XVII (55°) and XVIII (23°). The 
numerical figures in brackets are the values of 6,,/s of the blocks. In 
several other cases, however, the directions of tiltings of adjacent blocks 
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are remarkably different; for instance, the directions of tiltings of Blocks 
VIII (107°), XIX (89°), XXI (100°) and XXII (73°) are much different 
from those of Blocks XX (240°), XXIII (215°), and the directions of 
tiltings of Blocks XVII (55°) and XXVI (76°) are much different from 
those of Blocks XIV (261°), XVI (211°.5) and XX VII (145’). 

The boundaries (dots) of the blocks, in Fig. 2, are drawn with no 
consideration of their geological significances, but they are drawn only to 
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Fig. 6. 
Probable Boundaries of the Blocks in Bds6 Peninsula. (The Boundaries coinci- 
ding with Tectonic Lines are drawn with Thick Full Lines.) 
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distinguish the areas within which the triangulation points belonging to 
respective groups or blocks are distributed. Among them, however, there 
are found several boundaries which are approximately coincident with 
the discontinuities significant in geologic structure. In Fig. 6, the 
boundaries of the blocks which are approximately coincident with 
geological faults located by Prof. H. Yas and his collaborators,” are 
drawn with full lines, while the boundaries with which the coincident 
tectonic lines are not yet known are shown by dotted lines. 

Among these boundary lines of blocks coinciding with tectonic lines, 
the boundary lines between the group containing Blocks XIII, XVII and 
XXVI and that containing Blocks XIV, XVI and XXVII are most 
remarkable. As for these two groups of the blocks, we have mentioned 
that the directions of tiltings of the blocks are remarkably different. 
Corresponding to these boundary lines, there is a well known tectonic line 
across the peninsula from north of Kamogawa to Nokogiriyama.® 

It may also be remarked that the result of the present investigation 
is qualitatively coincident with the result of Messrs. K. Muro and 
K. Atrumt’s investigation “into the result of the New and Old Measure- 
ments of the Levelling Net in the Kwanto District.” In the present 
paper, block movements of the earth’s crust in B6osd Peninsula were 
investigated in more detail than the case of Messrs. K. Muro and 
Kk. ATuM1’s investigation. 


3. Vertical Movements of Blocks, 


In the preceding pages, we have exclusively dealt with the tiltings of 
the blocks. ‘To interprete the full significance of the observed vertical 
displacements of triangulation points, it is necessary to consider also the 
translational vertical movements of the blocks as a whole besides the 
tiltings. 

The vertical movement of a block is, in the present investigation, 
given by the mean value of vertical displacements of triangulation points 
distributed on the block. 

Table I contains vertical movements of the blocks together with 


3) Prof. H. Yasr was kind enough to lend me the geological maps of northern part 
of B4s6 Peninsula compiled by him and his collaborators, at the writer’s disposal. 

4) R. Tayama, Saité Héonkwai, Gakuzyutu Kenkyu Hékoku, No. 9 (1930), ete. 

5) K. Muré and K. Arumi, Bull. E.R.1.,.7 (1929), 495. 
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Table I. 
Block 2m Om (degree) stables, 
x 10-5 : j <7 

I 1-75 10-0 13-7 
II 10-44 270-0 25:3 
IIL 5-20 28-0 15-8 
IV 6-60 50 310 
Vv 4-80 310 28-3 
VI 4.20 46-0 24.8 
VIL 9-60 38:0 20:7 
VI 9-50 107-0 27-8 
sh 10-00 52-0 69:7 
WS 5-20 38-0 58-3 
x 9.30 355-0 127 
XI 5-10 70 125-6 
XIII 6-90 3215 125-3 
XIV 5-10 2610 126-5 
XV 8-20 343-0 132.0 
XVI 4-80 2115 123-3 
XVII 5-60 55-0 118-4 
XVII 21-40) 23-0 83-3 
ae 6-60 89-0 32.2 
Kou 8-50 240-0 39-0 
Xx1 10-20 100-0 54-6 
awl 1-28 73-0 30-8 
XX 3-10 215-0 29.0 
Ly 4.00 156-0 28-8 
XXV 14-40 70-0 32.0 
XXVI 8:30 76-0 63:3 
XXVII 10-20 145-0 87-2 
XXVIII 350 11-0 45:7 
MELx 7-00 145-0 102:7 
XOX 13-10 2120 1283 
XX 8-20 282-0 128-0 
MKT 6-60 340-0 141-9 
5:8 UH 9-95 94.0 128-6 
XXXIV 6-60 230-0 154-5 
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the directions and magnitudes of their tiltings 


gs. Fig. 7 shows the geo- 
graphical distribution of vertical movements of the blocks 


In Fig. 7, 
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Fig. 7. Translational Vertical Movements of the Blocks in Bés6é Peninsula. 
(The Numeral Figures are the Amounts of the Vertical Movements in em.) 
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we notice three groups of blocks, i in each of which the vertical movements 


of the block are approximately the same. - 
They are: 


({ 
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1) A group of the blocks situated in the southwestern part of the 
peninsula, of which the vertical movements are 120-130 em, including 
Blocks XXXII (142em) and XXXIV (155¢m) with exceptional up- 
heavals; 

2) A group of the blocks adjacent to N. and E. of the group 1), 
of which the vertical movements are 60-80 cm; and 

3) A group of the blocks adjacent to N. and E. of the group 2), 
of which the vertical movements are 20-30 cm, except for Blocks XXI 
(55 cm) and XXVIII (45 em) with greater upheavals. Blocks situated in 
the northern part of this group are less in amounts of vertical movements 
than those situated in the southern part, by 10 cm or more. 

From the result obtained above, we can build a model of block move- 
ments in Bos Peninsula. Figs. 8 and 9 show the elevations of the model 
of block movements along the sections AB and OD of Fig. 7, the scales 
for the vertical movements and tiltings being much enlarged. 
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+> Horizontal Distance (km.) 
Fig. 8. The Elevation of the Section AB of the Model of the Block-Movements. 
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—> Horizontal Distance (km.) 
Fig. 9. The Elevation of the Section CD of the Model of the Block-Movements. 


4, Horizontal Displacements of Triangulation Points 
in the District under Consideration. 


In the above, we have investigated the block movements referring 
exclusively to the data of vertical displacements of triangulation points. 
On the other hand, the horizontal displacements of the triangulation 
points have been also measured. In the district under consideration, 
however, the horizontal displacements of triangulation points do not show 
so eV ident a block-character, as Dr. C. Tsusor has found re garding | ithe 
horizontal displacements of triangulation points in Tango Province. 


Tables IJ, Il, IV and V contain magnitudes (7) and directions (A) of 


6) C. Tsvupot, Proc. Imp. Acad., 6 (1930), 56; Bull. BE. R.1., 8 (1930), 153. 
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Table II. (Block XVII) Table IIL. (Block XXVI) 
Locality of ree Locality of vin) L 
Triangulation Points (degree ) Triangulation Points (degree) 
Narikawa 1-320 128 Izumi 1-301 AS 
Komatimine 1-358 124 Motokiyosumi 1-434 118 
Higasikuti 1-270 128 Utizumi 1-398 117 
Uenohara 1-310 129 Simidu 1-332 119 
Terakado 1-407 132 Kase 1-346 120 
Toyooka 1-447 158 Takatenzin 1-258 118 
Nisino 1-259 118 
Oomi 1-264 121 
Suzuri 1-278 124 
Table IV. (Block XX VII) Table V. (Block XXIX) 
Locality of a Locality of a 
Triangulation Points r(m) (degree) Triangulation Points na) (degree) 

Asamiduka 1-292 127 Tenmen 0-781 WAY 
Issenzy6 1-127 12] Ogawa 0-706 139 
Uehara 1-141 ily Hasiragi 1-422 148 
Hotokeduka 1-259 118 Kaminoyama 0-564 116 
Sengenyama 1-259 118 Makado 0-790 129 
Mineoka = _— Karasuba 0-981 134 
Débone 1-230 143 


horizontal displacements of triangulation points distributed respectively 
an Blocks XVI, XX Vi, MXViland XXX. As seen in the tables, in 
Blocks XVIL, XXVI and XXVII, the magnitudes and directions of the 
horizontal displacements of the triangulation points approximately the 
same, while, in Block XXIX, they are much different from each other. 
There are many other blocks, in each of which, the magnitudes and 
directions of the horizontal displacements of the triangulation points are 
much different from each other, as seen in the case of Block XXIX. 

his discordance of maguitudes and directions of the horizontal dis- 
placements of the triangulation points within the same block may be due 
to the facts that the horizontal displacements of the triangulation points 
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are measured relative to certain fixed points,” while the block might be 
deformed in itself. We consider, for simplicity’s sake, the case that there 
is no horizontal deformation in the block. In this case, horizontal dis- 
placements of the triangulation points in the block may be the same in 
both magnitudes and directions, if the horizontal movement of the block 
was purely translational relative to the fixed points. When, however, the 
block was rotated about a vertical axis, magnitudes and directions of the 
horizontal displacements of the triangulation points are expected to be 
much different from each other. Fig. 10 shows a plan of an ideal case in 


which the position of a rectangular block ABCD (dotted) has changed its 
position to A’ B’ C’ D’ (full), after a block movement. The points a, b, c, d, é 
and f on the block are found to have moved in the directions of respective 
arrows, the lengths of which denote the magnitudes of the horizontal 
displacements of the points. 


7) On calculating the present data of horizontal displacements of triangulation 
points in Kwanté District, 6 primary triangulation points were taken as fixed, which are 
situated in the outermost zone, surrounding the district, where the triangulation points 
with their horizontal displacements measured are distributed. 
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As a matter of fact, we notice a similar phenomenon near Rokudizo, 
one of the fixed primary triangulation points. Fig. 11 shows the hori- 
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fe} 20 40 60 80 cm. 
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Fig. 11. Horizontal Displacements of Triangulation Points 
in the Neighbourhood of Rokudizé. 


zontal displacements of triangulation points in the neighbourhood of 
Rokudizo. 

Thus we cannot say that the triangulation points are not on a single 
block by the mere fact that the magnitudes and directions of their hori- 
zontal displacements are much different from each other. Hence, the 
horizontal displacements of triangulation points are not convenient for 
determining the forms and extents of constituent blocks in the earth’s 
crust, at least in our present case. 

As for the horizontal deformation of each constituent block, the 
investigation is reserved for a future communication. 
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In conclusion, the writer wishes to express his sincere thanks to 
Professor T. TrRapa for his kind advices and guidance. The writer’s 
thanks are also due to Professor H. YaseE for his kindness in lending 
the valuable geological maps to the writer, which was compiled by his 
collaborators. 
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TRPEBK Mt S f48h OTE Se MOC. MRO OPFPEEMS RDPSLD SHC, WE 
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tan @ = tan $m cos (9@—6Om) (1) 
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19. On the Results of Repeated Precise 
Levellings around Idu Peninsula. 


By Chitji TSUBOI, 
Earthquake Research Institute. 


(Read March 17, 1981.—Received June 20, 1981.) 


Introduction. 


The peninsula of Idu, on the Pacific coast of Central Japan, was 
recently attacked by three successive seismic disturbances. The first 
one of them was due to the Kwantd earthquake of Sept. 1, 1923, the 
second dué to the Ito earthquake swarms of 1930, and the third due to 
the North Idu destructive earthquake of Noy. 26, 1930. With the hope 
of detecting, if any, of the changes of land levels in the peninsula con- 
nected with these seismic disturbances, precise levellings have been 
repeated three times around the peninsula as well as in its neighbouring 
regions by the Land Survey Department of the Imperial Army. The 
results of these measurements were recently placed at our disposal which 
are the object of the present paper to discuss. The levelling route 
covered by these surveys is shown in Fig. 1 together with the ordinal 
numbers of the bench-marks in the route. The first levelling survey was 
made about 30 years ago, the second one immediately after the occurrence 
of the Kwanto earthquake of 1923 but before that of the Idu earthquake 
of 1930, and the third one after the occurrence of the last mentioned 
earthquake. These three surveys will be referred to in this paper as I, 
II, and I according as their chronological orders. The changes of heights 
of the bench-marks on the levelling route as found by means of these 
levellings are tabulated in the following tables. The changes of heights of 
the bench marks are graphically shown in Figs. 2, 7, and 10. Generally 
speaking, the peninsula has been dipping southwards, especially in the 
interval (III-II). Remarkable changes of heights of bench-marks are 
found at B.M. 9400 in Pige 2, BM. 55.1 in, Fig. 7, and B.M. 9337 in 
Fig. 10. They will be discussed in detail in the following chapters. 
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Levelling Route Around and Across Idu Peninsula. 
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Table I. 
Change of Heights along the Western Coast of the Peninsula. 
B. M. i U-I inf Ti-Thse Il 
60 | Numad B43 ce | 
umadu = 84: 45170. -| 

9406 iy ~ 919 oa + 14g | Dec. 21, 25, 1930 
9405 Sisigahama ia = 89.7 y 4 20-2 | 7 2); 21 
9404 i —1142 | 4909 + 27:8 | j e 
9403 _ —109-0 4 + 46-1 
9402 * = 11081 j a5 ye en ha Wily Us 
9401 * —106-9 A 4+ 64-9 | » 17,19 
9400 Mito . == OY) 1 + 74:6 Bi GUL, 1 
9399 —104:8 J + 616 | » 12,16 
9398 M = 1136 = Peso: he” 14 
9397 Kou 5 —126-0 a TAY ean ee 9, 10 
9396 z —125-7 iM es08 la 10, 12 
9395 . —101-7 i ee » 12,14 
9394 M —=09.6 4 + 19-2 » 14,18 
9393 a —113-6 n + 12.5 » 20, 26 
9392 Hata x 1805 Bs no) qe 75 20 
ee z ee ” eee fee. 37, 7930, 
9390 : —125-1 i — 18 | \Jan. 10, 1931 
9389 . —102-2 i Bis, Jan. 4, 1931, 
9388 Tohi B 1337 . a= 123 Dt 
9387 _ —126-1 : — 23.0 » Oo 
9386 i. —102:4 A115 das hail 
9385 Kosimoda pe —101-4 és ae 18.8 PS le 
9384 ? — 99.2 f Loe pe 12013 
9383 a == 96:0) i a As » 14,15 
9382 Ukusu o — 84-5 b abe ty 3 » 16, 22 
9381 ; — 91-6 i jag je 72) 18219 
9380 Ms =F 88a . a 104) » 18, 22 
9379 i — 795 i Deine » 14,15 
9378 Tago 2 =e 260 S138 » 11,13 
9377 — 86-6 F. — 148 » 15,16 
9376 ‘ — 80-8 Ns erie 2 SES 
9375 |- et 110.3 ‘ 2. 19:9 » 5 
9374 Matuzaki hy — 92-5 i. 2 O05 | 
9373 Iwasina | = 908 i = S90 Dec. 28, 31, 1930 
9372 . ~ 335 : av » 28,31 
9371 a — 72.8 a 65.0" | Janeeos lool 
9370 | Zyaisi — 78.6 ‘ _ og:7 | Dec. 24, 26, 1930 
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Table II. 
Change of Heights across the Tanna Seismic Fault. 
Bae I II-I 1 Ii-I1 IGBL 
: mm mm 
52 Atami 1s9g | + 435 | 994 | + 921 | Dee 10,12, 1930 
521 — 40-0 4 + 89-1 aire 
’ 
53 Sp aa 6-1 Ge +101-4 co 14 13 
| ? 
53.1 77 a 39-9 26) ap 94-5 Ay 16 18 
? 
54 é — 48:3 » = » 23, 25 
a 
54.1 BS a 55:6 af + 47-7 ae 22 2% 
? 
55 Karuizawa if ae 4 —132-8 » 26. 37 
, 
55.1 " — 80:8 , ae nf27, 81 
? 
56 ” Bias ” Bre Jan. 3, 1931 
56.1 Hirai if a SG: J ed. oun 
57 Daiba q — 74.0 ; + 361 ee et 
? 
57.1 7 —125-6 hy laa, 0-6 “f 2 5 
58 4 ~110-1 y — 10-6 Soa os 
? 
58.1 Misima i — 96-4 r — 61 Joon 
? 
59 : eee 4 ye » 10,11 
? 
59.1 ' — 80-7 4 + 195 ee 
60 Numadu — 84:3 + 17-0 
Table III. 
Change of Heights along the Eastern Coast of the Peninsula. 
BM: I II-I II MBE I III 
: mm mm 
52 Atami 19s + 43:5 | j909 + 92.1 | “Dee. 9, 10, 1830 
lay 34 op a> 25:5 aS a C240 3 10 16 
uf 
9327 4 + 188 Me + 580 reap. 
cae 
9328 Kamitaga 4 — 9-6 “ + 69:0 » 19. 8 
: ? 
9329 | — 33-2 * + 50:7 ett 
? 
9330 + 88-0 ‘ ries » 21, 25 
? 
9331 4 + 575 ' + 938 oh 
? 
9332 Aziro 5: + 52:0 z +134-4 » 26. 27 


(to be continued.) 
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Table III. (continued.) 

B. M. I II-I it II-I1 II 
mm mm 

ape 100s ee een toga) fod (oO) Dec, 26, 27 
9334 - ~ : +2105 » 26, 27 
9335 Itd 5 — 68 fs +2597 | Dec. 28, 1930. 
9336 5 ae eases Ty on a 
9337 Yosida < — 29-1 1924 + 292-5 » 30, 31 
9338 i — 44.0 mf +2508 | Jan. 3 151931 
9339 Sakihara # = 69-4 . +193-0 13018 
9340 , — 631 4 +140:7 oa 
9341 Yawatano + — 67:8 + + 97-2 74,18 
9342 5 — 51:8 : + 68-0 » 5,13 
9343 a — 40-7 4 + 543 aie 
9344 Ookawa ie — 34:3 4 + 33-2 yaly, 18 
9345 , — 33-4 ; +302 | ., 15 18 
9346 : — 33-4 i + 24-7 » 11,18 
9347 Katase 4 — 33-5 ~ + 16-9 12,13 
9348 — 36-1 f + 17-2 » 9,12 
9349 Inatori = 31:5 ry + 16:8 GmEESTO 
sais 2 SS mee gE) Dec 30,31, 1090 
9351 - — 26:5 + 11-0 Feat 28, 1930, 
ae r shee n + 39° | 'Tee o7! 98, 1980 
9353 Kéduhama a — 36-4 = +) 0-6 Dec. 26, 27, 1930 
9354 Q — 42:3 : + 45 » 93, 26 
9355 : — 358 + 21 » 19, 22 
9356 i — 32.4 ‘ + 05 ies i7 
9357 Sirahama “3 — 37-1 2 — 28 oid 16 
9358 i — 47.0 F = 03 » 11,13 
9359 Simoda Ps = ‘ at bev, » 10 
9360 § — 474 | j999 | — 51 » 10,12 
9361 F — 46-9 8 =10-0, | 5 45 
9362 4 — 48-6 a SEN eee 
9363 Simogamo * — S11 % — 175 ets 
9364 f — 616 : — 17.9 » 16,18 
9365 i — 67:9 ’ — 21-9 ae 
9366 — 61:7 . — 21-9 ak 
9367 Simoono Me — 63:3 F — 20-6 D0 
9368 r — 64-4 4 — 20:8 » 20, 21 
9369 Zs -— 69:2 : — 300 | ,, 96 98 
9370 Zyaisi — 786 — 28-7 
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The Results of the Levelling along the Western Coast 
of Idu Peninsula.” 


The changes of heights of the bench-marks along the western coast 
of the peninsula are shown in Fig. 2. The curve (II-I) shows the 


Upheaval 


Depression 
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Change of Level along the Western Coast 
of Idu Peninsula 
La, Ze 


changes in the interval between II and I, while the curve (III-I1) those in 
the interval between III and II. The former changes are to be regarded as 
mainly due to the effect of the earthquake of 1923 and the latter ones to that 
of the earthquake of 1930. If we compare these two curves, we find that a 
number of segments or portions such as A, B, C, D, and E that are quite 
similar in their forms for both curves are commonly involved in them. 
For the segment B, the form of the curve is very much characteristic. 
The levelling route from B.M. 9404 to B.M. 9396 corresponding to the 
segment B is not straight but goes winding as may be seen in Fig. 1, thus 
the peculiar form of the curves of Fig. 2 corresponding to the segment B 
may be produced purely as a geometrical effect even if the land 


1) C. Tsuso1, Proc. Imp. Acad., Tf (1931), 158. 
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between B.M. 9404 and B.M. 9396 is subjected to a single tilting as a 
whole. For the purpose of determining whether this is actually the case 
or not, the méthod due to my colleage Mr. N. Miyabe” is exclusively 
effective. If the land between B.M. 9404 and B.M. 9396 is assumed to 
have undergone a single tilting, then the difference of changes in heights 
of any two points lying on this land whose distance is of a unit length, 
must be a sinusoidal function of the directional azimuth of the line 
connecting these two points with respect to a definite reference direction, 
say E. The difference per unit distance of changes in heights in different 
azimuths may be obtained by dividing the difference of changes of 
heights of any two of the bench-marks between B.M. 9404 and B.M. 9396 
by the distance between these marks. In Table IV will be given these 
quotients obtained for (II-I) and (III-I1) together with the corresponding 
azimuths, distances, and differences in height changes. 


2) N. Mryass, Proc. Imp. Acad., 1 (1931), 150. 
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Table iV. 


Section B. Bench-Marks 9396; 9397 ; 9398 ; 9399 ; 9400; 940! ; 9402; 
9403: 9404. 


Azimuth 
To ; ee, ; 

Beats 9396 9397 9398 9399 9400 9401 9402 9403 9404 
9396 - 4-25° | +23° =i +12° +27° +32° + 41°} + 46° 
9397 —155° - + 22° + 92 Ba yieh ky See: +33° + 45°) + 58° 
9398 —157°|} —158° _ — 4° — 1° +302 +37° + 53°] + 64° 
9399 —1652) —1719)} 4-176° — + 2° +55° +530 | + 719) 8 8Re 
9400 —168°| —1738°} —179°| —178° - +94° +72° + 90°} +107° 
9401 —153°} —1532| —150°) —125°| — 86° _ +502 + 88°} +117° 
9402 —148°| —147°|} —143°| —127°; —108°;} —130° = SEG S| Shakey 
9403 —139°} —135°} —127°) —109°)-— 90°; — 929; —41° a —169° 
9404 = 1342) = ]979) = 162) 930 We — 82 — Gas aioe + 119): —- 

Distance in km. 
To | | 

From’ 9396 9397 9398 9399 9400 9401 9402 9403 9404 
9396 _ 1:65 3-10 4-45 5-65 6:10 7:70 12004 6-40 
9397 1-65 _ 150 | 285 | 405 | 440 | 5-90 | 570 | 4-90 
9398 3-10 1:50 — 1-45 2-70 3-00 4-45 4-35 3-70 
9399 4-45 | 285 | 1-45 - 1:25 | 195 | 350 | 3-75 | 3-40 
9400 5-65 4:05 2:70 1-25 — 1-55 2-85 3:50 | 3-50 
9401 6-10 4-40, 3-00 1-95 1-55 - 1:50 1-95 2-00. 
9402 7:70 5-90 4-45 3°50 2:85 1-50 — 1-20 2-00 
9403 7:25 5-70 4-35 3:76 3-50 1-95 1E20 55) — |; 2:00 
9404 6-40 4-90 3°70 3-40 3-50 2-00 2.00 | 2-00 _ 


Difference of Change of Height for (II-I) in mm. 


ies To} 9396 | 9397 | 9398 | 9399 | 9400 | 9401 | 9402 | 9403 | 9404 
9396 — | +03] +121) +20-9| +313 | +188 | +156] +167 | +115 
9397 =~ 03) — ~| 4124) 421-2 | 431-6 | 419-1 (415-09 417-0) ins 
9398 121) —124) — 1 e0e8 | 410-20 4 67 Ten ea) es ae 
9399 —209| —212) — 881 — | 4104) — 21) —.73 — 427) — o4 
9400 —31-3'| —31-6 1-192) 10-4] = 9) 105 15-79 eee) ioe 
9401 18-8} 1901) 67) 4 20) Foe ee 
9402 15-6 | 150 | = BS) 4 78 16-7 ee 
9403 16-7) 370 |) a6 a 14-6) ee ee G2 
9404 “11-5 | -118! 4°06) + 94] 4198) £73) +540 262) -— 
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Table, LV: 
Inclination for (II-I) in 10-° 
To 3 
Brom 9396 9397 9398 9399 9400 9401 9402 9403 9404 
9396 Sees On han OO We +Od 1) 20 | 42-3 | +18 
9397 —0-2 es eT erey 68 pes | 42-7 | 43-0) +24 
9398 Sey tees See Grp e i Oe P-H0-8° | +41 | —0.2 
9399 —47 | —7-4 | -61 _ +83 | —I-1 | —21 | —1-1 | —28 
9400 —55 | —-78 | —7-1 | —83 = seated 5-H 4-20 ies s-7 
9401 =i | —4e ul eo eld ye +81 oa EPRICE TERE oan, 
9402 —2-0 1) —2pule—@o) tet I +5-5 | +21 = +09 | —21 
9403 Svou te SOM Tiered be t4.0° 01.1 | 09, See 2:6 
9404 See ca OM ee aes? Whoeo7 1 4+21) | +36 — 
Difference of Change of Height for (IIJ-IL) in mm. 
To 2 
a 9396 9397 9398 9399 9400 9401 9402 9403 9404 
9396 Se) + 34) +204 | 430-8 | +498) +341 | 493-5 +163) — 30 
9397 isa 17-0 |) 27-4) 440-4} 430-7 | +30-2 | 419-9| — 64 
9398 —20-4| —17:0| — +10-4| +234] +137] +131] — 51 | —23-4 
9399 808 W274) 10-40 — Is Veo 8S eS 10-3) 88-8 
9400 agcuiieda esa 13-0). =e Onmh —tOse —18-) fh 46-8 
9401 set ee oe eo 9-7 |) —" |) = 0-6) —188| 2174 
9402 355 ees 2) 10-3) + 0-6) — 218.2 | 136-5 
9403 =15-3 | =1h6 46) | isd © +185 | +188) +182) — | —183 
9404 4+ 3-0) + 64 423-41 433-8 | +468 | 417-1 | +365} +183) — 
Inclination for (ILI-II) in 10~° 
To 
ae 9396 | 9397 | 9398 | 9399 | 9400 | 9401 | 9402 | 9403 | 9404 
9396 _ +20|/ + 66) + 70] +78) + 56) + 44] + 2:2) — 0-4 
9397 —20) — | +114) + 96] +100] + 70] + 50] + 20] — 1-4 
9398 = 66) 114 mo 48-6 hE 464 493-01 — 12 |) —) 6-4 
9399 (7-0) hia O-Giteee ase, a os +104 | + 1:6] +08] — 42] —100 
9400 — Beg ad Ae BB i LOK | oe ie F24@-0 Wis =) 3.6) |2 = (eB) | 134 
9401 Ba ee REE Sahel as a eR yg aia ee res a O.Gn — FB 
9402 — 44) — §0) — 3.0) — 0-8) + 36| 4+ 04). = —15-2| —18.2 
9403 | — 22] — 20) + 1-2| 4-4-2) + 52) + 96) +152] - | — 92 
9404 + 04 PP 464 | F100) 4138-4) + 8-6) 4182) 4+ 92) 
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The results given in Table IV are shown graphically in Figs. 3 and 
4. Asa matter of fact, the points in the figures are distributed approxi- 
mately on a sine-curve whose equations are 


y = 1.8 sin (50° — a) for (II—1T) 
y = 3.”5 sin (50°—a@) for (III—I1) 


INCLINATION 


Fig. 3. 


oe | Ge tES iy 


INCLINATION 


AZIMUTH 


Fig. 4. 

This is evidently a proof that the land between B.M. 9404 and B.M. 
9396 underwent for both intervals (II—I) and (IIJI—I]), a tilting as a 
whole making a movement what we call a block movement. The tilting 
was evidently down towards N 50°W for both cases and it was about 2” 
and 3.5” in its amount for the former and latter intervals respectively. 
It is interesting that the directions of the tiltings were just the same for 
both of the intervals. For other sections of the levelling routes, such 
as A, C, D, and E, the tiltings were similarly calculated. The results of 
these calculations are summarised in Tables V, VI, VII, VIII and some 
of them are graphically shown in Figs. 5 and 6. 
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Table V. 
Section A. Bench Marks, 60; 9405; 9406. 
Azimuth 
z a £405 9406 60 
rom 
9405 _ LS 62 
9406 —69°? _ De 
60 —64° —58° _ 
Inclination for (II-I) in 10~° 
To 
Brom 9405 9406 60 
Direction of Tilting: N 70° E 
940 — a5 Wk 5 
2 d ani” Magnitude of Tilting: 4” 
9406 + 1:2 - + 4:8 
60 — 15 — 48 — 
Inclination for (III-IT) in 10~° 
To z 
vom 940d 9406 60 ae 
Direction of Tilting: N 60° E 
9 ae 2 OK ==n0s 
0? oe ce Magnitude of Tilting: 4’ 
: 406 + 3-2 — + 18 
60 4- 0-9 — 18 — 
Table VI. 
Section C. Bench Marks, 9390; 9391 ; 9392; 9393; 9394; 9399. 
Azimuth 
To 2 2 oA 
raw 9390 9391 9392 9393 9394. 9395 
9390 = 84° 89° 66° 60° 59° 
9391 — 96° =_ 95° 54° 50° 51° 
£392 — 91° — 886° _ 26° oon 41° 
9393 —114° —126° 154° _ 43° 50° 
9394 —120° —130° —147° —137° _ 55° 
9395 —121° —129° — 139° —130° —125° _ 
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Table VI. 


Inclination for (II-I) in 10~° 


eae To 9390 9391 9392 9393 9394 9395 
boo) ee + 68 = 26 20 4°51. = ee 
9391 aes a — 146 + 03 + 4:2 re 
6392 + 26 +146 a + 95 108 + 64 
9303 0 ees eO.g = 19.5 ce +10-7 + 38 
93040 | pend = 742 —10-9 = 10-7 ee ae 
0206) 0 yilie aaa OB — 6-4 13.8 Ay - 


Direction of Tilting N 60° W, Magnitude of Tilting 4:5’ 


Inclination for (IIJ-II) in 10-° 


Saye 9390 9391 9392 9393 9394 9395 
9390 = + 42 = so + 36 + 40 +38 
9391 — 42 ne ae. Saat a5 + 29 
9392 + 0-4 + 63 = + 79 ie i + 5 
9393 a6 Bist eee = + 48 + 28 
9394 — 4-0 — 36 760 es = ~ 1D 
9395 —35 — 29 — 51 — 28 ms 400} oe 


Direction of Tilting N 70° W, Magnitude of Tilting 2.’5 


(M-I ) 


- 


INCLINATION 


AZIMUTH 
Fig. 5. 
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Table VII. 
Section D. Bench Marks, 9389; 9388; 9387. 
Azimuth 

ey: 9389 9388 9387 
9389 _ —74° —77° 
9388 106° - —81° 
9387 103° 99° - 


Inclination for (II-I) in 10~° 


To f 
Bron 9389 9388 9387 
Direction of Tilting: S 20° W 
ede m ec Ta Magnitude of Tilting: 2”. 
9388 +7°2 = —7:8 
9387 +7-6 +7-8 = 
Inclination for (III-I1) in 10~° 
ae. <a 9389 9388 9387 
Direction of Tilting: S 40° W 
9389 se Bs. 6-2 
ee Magnitude of Tilting: 2” 
9388 4-5-6 = —t-7 
9387 +62 +6:7 Lae 
Table VIII. 
Section E. Bench Marks, 9386; 9385; 9384; 9383. 
Azimuth 
oe To 
: 9386 9385 9384 9383 
From) =a 
9386 = —132° —120° — 96° 
9385 48° — —109° — 77° 
9384 60° tie = — 46° 
9383 84° 103° 134° = 


AZIMUTH 
Fig. 6. 
Inclination for (III-I) in 107° 
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Table VIII. 
Inclintion for (II-I) in 10~° 
row 9386 9385 9384 9383 
9386 _ an (U7 sp ilstl + 1:8 
9385 — 07 — + 1-4 + 21 
9384 — 11 — 14 = + 2-1 
9383 185 — 2-1 — 21 = 
Direction of Tilting: N 36° W 
Magnitude of Tilting: 0-’4 
IEE) 
+ 
K 02 
= 
= 0 
S 0: 
04 


To 
ae ean 9386 9385 9384 9383 
From 
9386 = + 2-1 + 1-2 + 2-0 
9385 — 21 oa + 0:3 + 1-7 
9384 — 1-2 — 0:3 - + 25 
9383 — 2.0 — 1-7 — 26 — 


tively underwent a tilting as a whole. 


Direction of Tilting N 30° W 
Magnitude of Tilting 0.’5 


We have now determined the extents of land blocks which respec- 


We can find another evidence of 


the existence of such more or less rigid land blocks in the results of the 


repeated levellings here. 


If we displace in Fig. 2, the sections B, CO, D, 


and E in the lower curve (II—l1) along the vertical axis by 3-21 em., -0-17 
cm., —2-62 cm., and —3-88 cm. respectively, we have the curve in Fig. 2 that 


is shown in dotted lines. 


The curve obtained in this way is evidently 
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similar to the upper curve (III—II) in its form. Thus it is concluded 
that these land blocks were subjected to independent vertical movements 
simultaneously with the tilting movements. The facimile of such move- 
ments may be visualised by an aggregate of wooden blocks floating side 
by side on a disturbing water surface. From B.M. 9882 south down, no 
evidence of block movements is apparent and this is rather a striking 
contrast with the structure of the northern part of the levelling route, on 
which the evidence of block movements is so pronounced. 


Results of the Levelling across the Tanna Seismic Faults. 


The change of land levels along this route is shown in Fig. 7. At 
the time of the earthquake of Nov. 26, 1930, a system of remarkable 
seismic faults was produced in the Ah 


northern part of the peninsula in py Gi 
approximately NS trend. The fault 10 
was about 30 km. in length and cross- = 

ed the levelling route from B.M. 52 to S 5 
B.M. 60 between the bench-marks 55 ‘8 

and 55.1. The land to the east of 

the fault was displaced northwards 0 
relative to the land to the west of it, 

the amount of the dislocation being 5} 


about 100 em. as measured on the sur- 


face of the ground. The newseismic 5 

fault was right along the wellknown $3710 

Tanna tectonic line. ‘The vertical © 
a 


movement along the recent seismic 
fault was not simple but of a type of 
a hinge, the western block, relative to 
the eastern one being depressed at -20 
the northern part of the fault whereas 
elevated at the southern part. The 


Fig. 7. 
: ‘ Change of Level across the Tanna 
movement in the neighbourhood of Seismie Fault 


the fault was, so far as the levelling is concerned, of a V-shaped depres- 
sion. It is to be noted that a movement somewhat similar to the recent 


one may be found in the neighbourhood of the fault in the interval 
between the first and second levellings which includes in it the event of 
the Kwanto earthquake of 1923. Prof. A. Imamura has.long emphasised 


286 C. Tsupot. [ Vol. IX, 


that there are at least two types in the movement at a fault found by 
means of levelling, the one he called N-type, and the other V-type, 
according to the similarity in forms of the profile of the change of land 
levels to these characters. The present case for the Tanna fault may 
correspond to the category of V-type. In this route, the tilting of land 
blocks were also determined similarly as in the preceding chapter. The 


Table De 
Bench Marks 59.1; 59; 58.1; 58; 57.1; 
Azimnth 
To} 591 59 58.1 ee 57.1 
From ¥ ‘ Es 
59.1 = 20° 99° | 13° | —g0 
59 = fa0e 40° go | —93° 
58.1 =15T?)| 1900) eo ane ae ae 
58 —167° | —172° | 145° 1 (bE age 
57.1 —171° | +157° | 125° | 111° = 
Inclination for (III-IL) in 10~° 
To! 59.1 59 «| 68.4 Be fu) BT 
From . ‘ 7 
59.1 _ —61 —6-2 —6-1 —3-6 Direction of Tilting N 50° E 
a +61 |) — |) -63 | 61): 29 Maonitade ct Titineiiee 
58.1 HG. OPP G8 = 34) eG 
58 A -Gs - OL e eeO ef +24 
57.1 25° hea -0 hl ae Cee 2 
= 
So 
=_ 
_ 
<x 
= 
om) 
© 
= 
=» 


AZIMUTH 


LEN oto), 


Part 3.| 
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Table xX: 
Bench-Marks 57; 56.1 ; 56; 55.1. 
Azimuth 
: To 
ne 57 56.1 56 55.1 
57 - 47° 360 30° 
56.1 —133° a 93° 21° 
56 —144° | —157° = 18° 
56.1 75004 =169° | 162° = 


Inclination for (III-IJ) in 10~° 


To 
Hon 57 56.1 56 55.1 
ae ae 3 
57 iy oad soe 45 4 Direction of Tilting S 50° E 
56.1 424-4 = 297.1 —54-4 Magnitude of Tilting 287 
56 + 25:3 +27-1 = —78:6 
55.1 + 45-4 +54-4 + 78-6 = 


INCLINATION 


AZIMUTH 


Fig. 9. 
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results of the calculations are shown in Tables [X and X. The results 
of these calculations are shown in Figs. 8 and 9. 


The Results along the Eastern Coast of 
the Peninsula. 


The change of land levels along the eastern coast of the peninsula is 
shown in Fig. 10. The results of the levellings along this route were 


Ah 
incm, 
nd 


25 


8 


Upheaval 


= 
So 


9370 
9365 
9360 


1 
Ww 
Hn 


Depression 


~ 
Ss 


Fig. 10. 


Change of Level along the Eastern Coast of Idu Peninsula. 


already discussed in the writer’s previous papers.» In this section it is 
to be noted that the movement of the earth’s crust that occurred in the 
interval between the first and second levellings is decidedly different 
from what occurred in the interval between the second and third levellings. 


3) C. Tsusor, Proc. Imp. Acad., 7 (1931), 153; Bull. Eartha. Res Inst., 9 (1931), 151. 
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Idu Earthquake of 1930 and Tilting of Land Blocks. 


The writer has often pointed out® the block-structure of the outer 
part of the earth’s crust especially in earthquake districts. These in- 
dividual land blocks seem to move apparently independently, yet their 
movements must be in some order when viewed as a whole. We have 
here a good example of such a case. We have determined the directions 
and magnitudes of tilting of 
land blocks in the northwestern 
part of the peninsula. They are bas * 
shown by arrows in Fig. 11. A % _Asoe” 
remarkable feature is at once ONES 
apparent that the arrows change 
the directions clockwise as we go 
from the southern blocks to the 
northern. This shows that the 
land as a whole was twisted like 
a plate. As was described'in one 
of the preceding chapters, the 
relative vertical displacement 
along the Tanna seismic fault 
was of a type of a hinge. This ee 


can be regarded now as a natural 


consequence of the twisting de- 
formation of the earth’s crust to 
the west of the fault. Fig. 1. 


In conclusion the writer wishes to express his sincere thanks to 
Professor T, Terada for his interests in this work and also to Mr. N. Mi- 
vabe for his kind advices. Thanks are also due to the Land Survey 
‘Department of the Imperial Army for placing the results of the survey 
at our disposal. 


4) ©. Tsusot Bull. Earthq, Res. Inst., 6 (1929), 71; 7 (1929), 103; 8 (1930), 153; Proc. 
Imp. Acad., 4 (1928), 529. 
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19. FREE UH SRE OFFER i T 
hb #2 WE FE Pr PB ig his oe 


PEALE © ABIC HO kW RELIC SE RRR SEB. WOMB AKEOMRK MY T 
PEDLRBEMAK LOCH 3_ ICM WHET AOA OAL PRI KoCEUR ofa 
Eb Sy ERICH Cit AMICK E Le SMBABAOBRLETEICIEO CMBO 
Joes, (APO, RKULOBRELED THK. COMBAWLMRLE Minh 4 OW ROB 
' cho BSB. HRA BIRALB IC BN CT WE Las BIC SRD 
LEVLERSHCHS, PIEPER PRAEILBCHRT SHMRESBPASOACHSe, 
Fea ic fhur CALO A CLL E 0 OBB CH V. HOU CAGE Y OFM CH OT. ot, % LLOSE 
OMAR POMS BLBA SHCHS_ ALDI BBL RAPS. AEA Cla a aS 
HC LC HRA IC PERE LL. A CIE RK LA LTH SLMELHER, LEGPOHMOM 
MOR &B~S LEONA ARORR t BWT BB MRS © 


20. Movement of the Ground due to Atmospheric 
Disturbance in a Sea Region. 


By Katsutada SEZAWA and Genrokuro NISHIMURA, 


Earthquake Research Institute. 


(Read April 21, 1981.—Received June 20, 1931.) 


1. In a previous paper” one of us studied some problem of the 
transmission of seismic waves on the bottom surface of an ocean and it 
was found that the problem is of a great importance in connection with 
the dispersive nature of distant earthquakes. It occurred us very recently 
that the problem, if somewhat extended, may also be significant on the 
pulsatory motion of the ground occurring in disturbed weather in a sea 
region. Geophysical investigations of microseisms have already been 
made fully by Prof. Gutenberg,” ®” Dr. Banerji? and others, chiefly by 
examining the data of the actual seismic records. It seems, however, that 
the accurate mathematical study concerning microseisms has not yet been 
made probably on account of the reason that the action of the water 
waves on the ground and on the steep coast is of a complex nature. 
Although it has already been concluded by Professor Gutenberg and 
others that the cause of the microseisms is the action of the surf against 
steep coasts but not the direct action of the wind pressure or of the water 
upon the bottom ground, yet we are now to study the problem of the 
movement of the ground due to the disturbed sea in rough weather for 
the purpose of ascertaining to what extent the change of the air pressure 
and also of the resulting water waves influence the microseisms in the 
neighbourhood of the sea. 

From the result of calculation, however, it has been ascertained that 


1) K.Sezawa, “On the Transmission of Seismic Waves on the Bottom Surface of an 
Ocean,” Bull. Harthq. Res. Inst., 9 (1931), 115-143. 

2) 3B. Gurenpere, “ Bodenunruhe durch Brandung und durch Frost,” ZS. Gieophys., 4 
(1928), 246-250; and a number of his papers. 

3) B.Gurensera “ Die seismische Bodenunruhe,” Gerl. Beitr. Geophys. {1., (1912), 414. 

4) S. K. Baneru, “ Microseisms Associated with Disturbed Weather in the Indian 
Seas,” Phil. Trans. Roy. Soc., 229 (1930), 287-328. 
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even the shallow water waves give no much effect directly on the genera- 
tion of microseisms and that the principal cause of those microseisms, in 
fact, as Professor Gutenberg” suggested, seems to be of a kind such as 
the surf at the rocky cliff of a coast. 

We shall assume that the horizontal surface of a sea, whose depth is 
ho, is subjected to a pulsatory pressure : 


p= frye’, ge ecw te tic el cvere;elaye, 6 G16 Cie) e ee ees .aea oeye/eheseOnemanene ( 1 


where is the radial distance of a point from the pressure centre and 2z/n 
the period of the pulsation. The resulting movements of the sea water 
and of the surface of the solid will give us long water waves as well as 
microseisms of the ground caused by the atmospheric disturbance in a sea 
region. 

2. Referring to the axes which are 
shown in the figure and using the same 
notations as in the preceding paper,” we 
may write the expressions of the displacement 
of the ground and the water, besides the 
potential of the water waves, in the follow- 
ing forms: 


2 dann 
Bes fl 1 OHS kr) —az+int COS ; A 
ty = - é Oban, 
h? or sin 
ae He) eG es 
yh = ae AT (kr) RA, [ANG mM, ciel olora te careineys (2) 
h2 ° —cos 
iS a (Ing) p-ozeint COSY x 
Wy = tA), 73 H® (kr) e ; a mé, 
Qy) 
Decne 61) Be OH. (kr) eo Betint fa mA, 
mir or sin 
Qh : 
eee B Aix.’ (kr) 7 Berint oe PO SS eee Spetestieg = (3) 
2 r —cos 
9 ya 4 
we —O | AOU coat mé, 
my sin 


5) B. Gurensere, “ Microseisms in North America,” Bull. Seism. Soc. Amer., 21 (1931), 
1-24, 
6) K. Sezawa, loc. cit. 
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d = (D, echhkyz+ EF, sh h2In(kr) ae mé é™, 


uw! = Dp ch kz + E,, sh kyz)—=—— OImn{kr) ae mé e™, 
or sin 
eee TE (Dy ch ya+ By Sh koe) fal _sin\ mn e, 
w = ash khz+H,, ch hi) Talker) ney mé. em, 
where 
Ci n 
ko= ire | Aaah ol ORs ed eT 


Zc ae w= w', Mietcleteleversialaliclelale’ls|sin/= ois/=la'b)w/a'e]wieieleie|s/e]n/0 «n1b\0\0/a/sj0 
B= () AA+2p es p’)w’ —p! OO yoteeees 
Ot 

Ou Ow 
pie (): 0); 

Oz or 

uk Ow Ov ay 

r 06 Oz : 

z= — hy; = — e° m1 f(r) cet md Mi sterecavetaveraveleratsle re ovsinre ele avec) serene 


where p is the pulsatory pressure on the surface of water. 
From (8), we get 


oe | dy = gn AE OA en 

h? (2k? — 9 ae 
From (6), 

6 hE, =- in( Aq — k Se) eee c ec ceeesesere 
h? -, om 
From (7), 
5) 2 2 
(2 a i) 4s + tly +0 “| 9(0—p')E,— ine’Dy, = 


Comparing (10), (11), (12), we find 


(4) 


(10) 
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ee pak — fF = AykicB + Ke — pag ny AR (13) 
p!n ag 


By the use of the relation (13), we get the equation of the pressure 
distribution of the sea water as follows : 
ob 


Pe Pat + p’gu! 


ate ky'g Bie 
= tbim ¥ nk, eh bg sh kuz 
n 


3 (Qh? —7°\Quae —Ah?)— 4h? a8 + oe — pe! acy 


nay 
ee : : 
+( np’ sh kyz+—+—*- ch kz } | x J,,Ckr) et Te a (14) 
n al 
When z = —/y, this may be written in the form: 
p= XT lores | iO eit, -oeecscasectmenesanaaee (15) 
where 7 is equated to 7 and 
oh xX 
a juky(ny a gk hy) 
x My ay atl), 


| (ok Akio 900 4 a (y—n' , )] 
p fe my — gky ho 


Now, write 


@) 2 a el me ew 4 
FS = OP pda = eee ae es ee thee Biel ee a (17) 
L 


Ae fee 
us Ny — Ghoky 


or, neglecting ghok,/m", write 


‘* i 
Fe) = Ol — pf —4aph — 2 oe 4 pt OOS Fe at (18) 
ie I 
then, by means of Fourier’s integral expression of p on z= — ho, such that 
p= em J,,(kr) kak: { f(o)J,(ka\ao | ope TT (19) 
0 ty 


we obtain the expressions of the displacement of the water surface in the 
forms : 
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=—ho 


w!, — ein, cee mé 


xf [{ (2k? — 7 — 4 uk ?aB + gle — pay Vie chkyly— mip/ay shkyho| oJ, a dk 
0! pky(ny? — gh ho) PR) 


x | ‘i (a) JA<ka)ode, vat Rioracnatsies ( 20) 


Uae, = —e™ mM cin} md 
— cos 


«( fu2k?— Py —4 yk ?ac8 + o(p — p! ag} ky ch kyliy— niplay sh kiho| oe kdk 
pP ‘uk ny — gk,” Io) EUR) 


0 


x \. FACES a RR ORO Seo (21) 


0 


/ — pin,t COS 
W gaanhy = OR ae mo 


* Colndecftch kyly— (uk? — fF —4uk a8 + gle — play ykisbkatol 7 eepedk 
o! ny — ghey ho) Fk) 


x | fo@Inlka)ade, Ry afaisiererstisiere’s (22) 


U 


and similar expressions of the elastic body at the bottom surface of the 
sea in the forms : 


t,o == Ol cos\ mn 


“ay {(2h?—fPY— 208} AJ,kr) bat | J.(ke)oda, +--+ 23 
x| Pate WES flo) Ia(kayede, --+--+(23) 
Va = —e™m _Sin\ md 
, n{Qk?—fy— 208} Talker) yap " floyIfkayoda, ++ (24) 
ery — gk,’ hy) E(k) r 


0 
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Weg = Con ae mo 


i ny ary” a, AY aps ie " oh 
x LZ ws od ial K4 k Lk a k a. , tote ees eee 95 
| ung — ghey hy) Fk) ee \ [OInKko)\ada (25) 


9 


When the depth hy is comparatively small, we find 


ett 
te oa oe) mé 
p' pL sin 
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in,t,. 2 
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When the disturbed pressure is accumulated in the neighbourhood 
of r= 0 and symmetrical with respect to the vertical axis passing through 
the pressure centre, we may have 
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Since we know the expression 


Tee = - | CA cnf-) ec gata ch mfdf, 9 eee os (35) 


ms 


0 


we obtain 
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The evaluation of the integrals of the types : 


ik [o'nfay — {u2k? — (rene) + fo —p’ aj} ky ho] itr cht dk, +--(38) 
Cir gky hy) F(R) 


= co 


\ CA RULE Np (39) 
z (ny — gk hy) Fk) : 


where k2= k’—n?/e, can be performed in the following manner. Con- 
sider, for example, the integral 


[_VeSR Pain ie an 
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7) Warson, “ Theory of Bessel Functions”, (1922), 180. 
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taken round a contour shown in Fig. 2. In (40), 


FL = Qf -jP-AL VW - AYP —-Z) 


ae ey 4 en hi -Z Baten 4 12) 
us le ny — gh{Z"°— m/c’) 


and h? = pn2/(A+ 21), fF = Prae|pe. ecereev cee ceeeneces cee eeteeseee an teeeeet ene eees (42) 


Hig 2. 


In Fig. 2, h,j, —h, —j are branch points corresponding to the integrand 
of (40); +x and +€ poles of the same integrand, namely + z are a pair of 
real roots of the equation (41), while +¢ are a pair of the roots of the 
c+ gho 

eghy 
insensible frictional damping in the equations of the vibrations of the 
solid body, it will be clear that the branch points Z = h, Z = 7 are shifted 
in the space of the lower quadrant of Fig. 2, so that these points do not 
influence the contour integration. The two grooves running between 
(—h, 0), (—h, ico) and between (—J, 0), (—j, i00) are branch lines. 
The positive and negative signs of a’, #’,a’, 8” on both sides of the 
lines Z= —h and Z= —) are taken suitably so as to satisfy the con- 
ditions of continuity. The resultant of these lines, when composed, may 
be equivalent to a branch line joining two points (—h, 0), (—j,0). The 
result of the contour integral shows that 


Te [ aye chf kdk 
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equation ne )-2, If we assume that there are certain terms of 
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It is known that, for small values of Y, 
a= fe 5 , B= Gaon, 
ee Fag | Vikki Pee E 
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may be taken with approximation. Hence we get 


8) H. Lams, Phil. Trans. Roy. Soc., 203 (1904), 20 
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Substituting this in (37), we obtain 


9) H. Lams, loc. cit. 
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. in ty 7 i4z pe ae _ ve 2 Py 3 
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The integrals of the first and second terms of the right-hand side of this 
expression are easily obtained by means of the formula: 


2 9” ts 
Vir = ~=| cos (Er chfydf.---(50) 
a U0 
To evaluate the third and fourth integrals, we 
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This expression is suitable to the problem of transmission of waves 
of finite extent of disturbances. To get progressive waves of an infinite 
extent, we add to this expression other systems of standing vibrations 
corresponding to the water waves as well as the surface waves of the 
elastic solid body, the wave lengths and the amplitudes of both systems 
being respectively equal to the first and the second terms of the right- 
hand side of the equation (53), but the phases of the additive systems 
differ from the original ones about z/2. The final solution is thus 
expressed by 
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provided 


bby = (sca {cox — ff —4aph?— 2a + Past, BB) 
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In the same manner of mathematical treatment we get the horizontal 

component of displacement of the surface of the solid, u,.o, the similar 

component of the surface of water, W!,.-no, and the vertical component of 
the surface displacement of the water, w,.-,,, a5 in the following forms : 
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Vent 


/ 
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and the terms corresponding to the dilatational and the distortional waves 
are neglected. 

3. It may be seen from (54) (or other expressions) that the move- 
ment of the solid body (or of water) is composed of four kinds of displace- 
ments, namely the displacement due to the transmission of shallow water 
waves, that due to Rayleigh-waves on the bottom surface of the water 
superposed upon a solid body, that due to distortional waves through the 
body and also that due to dilatational waves through the same body. The 
velocities of transmission of the waves of these displacements are, of 
course, equal to those peculiar to the respective kinds of waves. Thus the 
velocity of transmission of the waves of the displacement of the solid due 
to the shallow water waves is exceedingly slow in comparison with that 
of the Rayleigh-type deformation. 

The amplitudes of the deformation of the solid body due to Rayleigh- 
waves and also to the shallow water waves change as inverse square root 
of the epicentral distance, while those due to the dilatational and distor- 
tional waves diminish as inverse square of the epicentral distance, so that 
it may be concluded that the principal movement at a certain distance 
from the centre of the pulsating pressure should be caused by the trans- 
mission of Rayleigh-wayves as well as shallow water waves. 

It is important to know the relative magnitudes of the deformations 
of the solid due to the transmission of shallow water waves and to that of 
Rayleigh-type waves, because it is yet uncertain, whether the microseisms 
occurring in a disturbed weather may be the effect of the seismic waves 
transmitted directly from the region of the original disturbance, or may 
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be the vibratory motion of the ground due to the disturbed water waves 
approaching from the origin to the locality of the observing station, or 
even due to some other cause such as the surf against the steep coast. 
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Assuming g = 980, ¢ = 2.045 x 10, p! = 1.0, e = 25, n/p ole ele 
in CGS. unit, we have calculated the magnitudes of t,.0, Wao We=-no 
w',.-no for different values of T(=27/m) and hy The results are plotted 
in Figs. 4, 5, 6,7. The ordinates of the broken line from the base gives 
the effect due to the term involving (Er) and the vertical distance 
between the full line and this broken line indicates the effect due to the 
term containing Hr). In Figs. 6 and 7 the broken line coincides 
practically with the fullline. The former cause, however, is principally of 
statical and special to shallow water, so that this is not yet sufficient for 
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the full explanation of the microseisms. From these figures it will be clear- 
ly seen that the micr6seisms are rather due to long water waves near the 
observing station which are transmitted from the region of the disturbed 
weather, but not due to the seismic waves directly transmitted from such 
aregion. Dr. Banerji’ seemed to have the similar opinion. It is also 
to be noticed that the amplitude of the ground due to pulsatory original 
disturbance of long periods is smaller than that due to the disturbance of 
short periods, even though the amplitude of the disturbing pressure is 
kept constant. As Professor Gutenberg’? suggested, this only fact is in 
good accordance with the phenomenon that the breakers play an import- 
ant réle on the microseisms of short periods. In fact, the pulsatory 
motion observed at a station seems partly to be the radiation, in the 
neighbourhood of a coast, of the deformation of the ground, which is 
transmitted with the velocity of long water waves. Besides the action of 
the surf against a steep coast, some portion of the shock of the breakers 
themselves must also be contributed from these radiated waves. The 
radiation of the deformation of the bottom ground and that of the shock 
due to breakers may be combined in certain cases owing to their appro- 
ximately simultaneous radiation at the coast. Again, the comparison of 
Figs. 4,5 and Figs 6, 7 shows that the displacement of the surface of the 
water is greater than that of the surface of the bottom ground about 10* 
times. Although it is obvious that the amplitude of water waves is 
exceedingly large in comparison with that of the ground, yet we may get 
some knowledge on the order of its magnitude from the result of the 
present. calculation. It is, however, understood that the deformation of 
the bottom ground never corresponds with the statical head of the wave 
height. This reason will clearly be seen from the elementary theory of 
hydrodynamics with respect to the wave motion. The analytical treat- 
ment of the fact that the radiation of the deformation of the bottom 
ground due to the shallow water waves is still small compared with the 
shock of the surf against a steep coast, will be published in a future 
paper. 
Summary. 


We may now complete this paper with a brief summary. 
1. The movement of the ground is composed of four kinds of 
displacements ; namely the displacement due to the transmission of 


10) S.K. Bangers, loc. cit. 
11) 3B. Gurensera, loc. cit. 
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shallow water waves, that due to Rayleigh-waves, that due to distortional 
waves and that due to dilatational waves. 

2. The velocity of the transmission of the displacement of the body 
due to shallow water waves is equal to that of shallow water waves, while 
the transmission of the displacements of other kinds have their own 
velocities peculiar to the respective waves. 

3. The amplitudes of the deformation of the solid body due to 
Rayleigh-waves and also to shallow water waves change as inverse square 
root of the epicentral distance, while those due to the dilatational and 
distortional waves diminish as inverse square of the epicentral distance. — 

4. Microseisms due to a disturbed weather occurring in a different 
region are chiefly due to long water waves, including breakers at the 
coast, advancing near the observing station, but not the seismic waves 
directly transmitted from the region of the disturbed weather. The action 
of the long water waves is, however, relatively small compared with that 
of breakers. 

5. The amplitude of the ground due to pulsatory original distur- 
bance of long. periods is smaller than that due to short periods, even 
though the amplitude of the disturbing pressure is kept constant. 
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21. A Kind of Waves transmitted over a Semi-infinite 
Solid Body of Varying Elasticity. 
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In this paper I am going to study the propagation of surface waves 
over a semi-infinite solid body whose elastic constants are functions of the 
position of a material point of the body below its free surface. There 
are, of course, several kinds of waves according with the forms of the 
functions of varying elasticities and also with the types of the propagated 
waves; yet we now confine ourselves to the case such that 


where 4 is the dilation, w the vertical component of the displacement, 4 
the modulus of rigidity, and z, the depth of a material point below the 
free surface, c and d being certain constants. Although a similar kind of 
waves has already been dealt with by Meissner”? and Arcut,” yet their 
cases belong to a one-dimensional problem and the methods of integration 
of differential equation are quite different from that of the present paper. 

The differential equation of motion of a semi-infinite solid body, 


when the conditions in (1) are to be satisfied, are expressed by 
/ 


Ou Qu Oar, vy (OU a) 
mE Ey sy ca 49 be eee Bs 
: ot” r li] Oz ‘ i 
fog) O(t-ar ) Oa 
ls ee) iG -2u Z yp Trenseessccesteees 8 
ot Oz Nae or C 


1) E. Messner, “ Elastische Oberfliichen-Querwellen,” Verh. 2. int. Kongr. iin Udy. 
Mech., (Zitrich, 1926), 3-11; and also Vierteljahr. Nat. Forsch. Ges., Zarich, 67 (1921), 181. 

2) K. Arcut, “On the Transversal Seismic Waves travelling upon the Surface ol 
Heterogeneous Material,” Proc. Phys-Math. Soc., Japan, [3], 4 (1922), 1387-142. 
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provided 
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Dee ip 2q, = + (A -_), 

ce oz ¢ \ Or 00 nose 
in which p is the density of the solid and u, are the radial and 
azimuthal components of the displacement. From the condition of the 
problem we have the identical relation such that 
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Eliminating u, v between (3) and (4), we obtain 
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These differential equations are satisfied by 
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where p is frequency of waves, 27/k wave length, B,, a constant and 9@) 
is a certain function which satisfies the differential equation 
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The components of the displacement (u, v) are found from (4) in the 
following forms: 
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When z is taken vertically downwards and z = d is assumed to be 
the free surface, the boundary conditions at that surface are written by 
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From the nature of ah problem, (16) is identically satisfied, and (17) and 
(18) are simply written by 
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is the only condition of the boundary. 
When the distribution of the elastic constants is defined by (2), Le. 
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the equation (13) can be transformed to 
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ois. 
Writing 


the appropriate solution of (23) is expressed by 
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Substituting (22) and (25) in (20), we have 


d 


a 


|e Fa : 1 ;— 2k) — 0, atsterevitexeve le ote o\ aie) ake (26) 
2=d 
which is to be written by 


+k Wia ; ui ;—2kz) — ®) OO DOOR (Zit) 


dh Pla; 1;—2kz) 
dz 


at z= d, 
When kd is very small, the solution of (27) is approximately expressed 
by 


2 at = 1. phateratelaleletaysl si aVeieraterets alesse cf efalalaieralevalnc (28) 


The second approximation gives us 
1 
9a = 1+ (kd) eee antro rg Boerne (29) 
The third approximation shows that 
} 1 is 
2a. aPC AG SAA Seon rar eee (30) 
The fourth approximation gives us 


if ii ‘ 
Doe eg Se | TT ere rer eee 21 
a a ) aR ) (51) 


3) E. W. Barnes, Camb. Trans., 20, 253: H. Lams, Proc. Roy. Soc., London, 86 (1911), 
551. 


J 
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From (24) and (31), we obtain 


If we write the modulus of rigidity at the free surface by (=cd), we 
have 


Velocity of propagation = J Hi= Saas] Je, alia (33) 
2 24 p 


the calculated results being shown in the table below: 


kd 0 0-1 0:5 1-0 1:5 


/ | : 
Velocity | Ri ne | 0-713 0-713 0-708 0-696 0-679 


The components of the displacement are written by 


Vie ee ee ; 
u = 2B,,—e", F(a; 1;—2kz2)—"—— (er) cos Vin eto 
> 1 ? ) b) 
k? Yr sin 


» (34) 
(J. ‘ 
v= BBite é F(a: 1;- Bie ote Ay (kr) sin | nbe 
k? Or —cos 
In some cases, we have 
e F(a; 1;—2kz)> 0 (35) 


as 2 00, on account of the reason that, in such cases, the value of ,M(@; 
1;—2kz) decays more quickly than that of e-” as z1s increased continuous- 
ly. Thus the waves written by (84) may have the characteristic of 
surface waves. 

From the expression of (35) it may be noticed that the radial 
component of the displacement of the waves of the present type quickly 
disappears as the waves proceed outwards from the epicentre, while the 
transverse component is transmitted in the manner of the ordinary Love- 
waves, the azimuthal distribution of the azimuthal displacement being 
maintained for all radius. It may no doubt be significant on seimology 
that this kind of waves, in which the vertical displacement and the 
dilatation do not exist, and the velocity of propagation is different for 
different wave length, is possible to be transmitted over the free surface 
whose elastic constant increases continuously along the depth of the body. 
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21. HLPEDSR S 1 GE CHB % EOL TTA Uc ALS. 3 — HE 
wee tk YF x HE 


A> Ant BL Lae OBE SHE db OYE x IC FETCH LT SHARK ALF -vayt LF OME 
LBC te SAGA IC MOM RKO IE LIFSHEEDK BPULBEOR UL y 1 AF 
— PRM EC kLOCEPANCHSUHEL, RGG-ATHOMM TS V. Hoo 
MSH ERORD OUR LICK TL AE VBOTHS. FT CTHRROUAL IC LONTHS 
LEMOLAAT MOMMA LRRD bOMMA( toicKRocacHS( eRSoGHeEL, HAC 
1 44 te WA) OTRAS TAM TST. PHOTIC OK MIC GEO CH OAR DHS. KH 
BE te BERET IS Bese a> b © FPR SER RIC IAS RER ZL SMART TCHS RHOMBELR 
ERE ( hSREDPIAR( SLMS. THBAS LARCH S, -HI7TROM B 
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22. Un sismographe accelérométrique et 
ses enregistrements 


par Mishio ISHIMOTO, 


Institut de Recherches sur les Tremblements de terre. 


(Lu le 21 avril 1931.—Reeu le 20 juin 19381.) 


1. Introduction. 


On sait que les accélérations des secousses sismiques ont un rapport 
étroit avec les catastrophes; mais les enregistrements accélérométriques 
des secousses ne sont pas encore réalisés de maniére permanente dans les 
observations sismiques. Actuellement, les estimations de la valeur de 
Vaccélération sont faites suivant le degré de destruction des batiments ou 
de glissement des pierres dans les cimetiéres. 

Les deux ou trois procédés existant pour la mesure directe des 
accélérations sismiques, ne nous semblent pas encore bien au point pour 
les observations permanentes. Nous avons déja publié une étude” 
préliminaire sur la valeur accélérométrique des secousses ainsi que les 
caractéristiques des ondes; dans ce cas-la ils sont fait avec des enregistre- 
ments optiques. Comme nous l’avons signalé dans ce mémoire, ce procédé 
denregistrement n’a pas été trouvé trés commode pour continuer nos 
observations, d’une part parce qu’il est trés couteux et d’autre part parce 
que les courbes enregistrés ne sont pas assez fines. 

Pour enregister les accélérations dans les secousses sismiques, on 
considére habituellement le déplacement d’une masse d’un systéme 
vibratoire dont la période propre est assez courte par rapport a celle de 
secousses a étudier. On amplifie suffisamment ce déplacement pour 
apercevoir le passage des secousses enregistrées sur un tambour tournant. 
L’équation du mouvement sera: 


My a oy ey + ky = — Mi, oak wash grote s Fimeieee Taare (1) 


ot y est le déplacement relatif de M par rapport au sol et x le déplacement 


1) M. Isaroro, Bull. Harthg. Res. Inst., 9 (1931), 159. 
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2 ¢ k 
2 ego SE PR bs oe * ae Se 2 ee ‘ 
du sol par rapport 4 lespace. Posons dans (1) “yy, A; M oe a 
% =a sin pt, on aura 
y + yy Ay + n'y = ap” sin pt, ROVE ciara cachet tae bch (2) 
et on obtient la solution 


ap’ sin (pt —90) 
V (—py+4%p 


bp = 


> + terme d’oscillation propre. ---(3) 


Considérons le cas oti n est trés grand par rapport a p, on 


qui nous montre que le déplacement de la masse est proportionnel a la 
valeur de l’accélération. Cependant comme ce déplacement reste toujours 
assez petit, on est obligé choisir un procédé qui poura enregistrer de 
maniére visible les secousses sismiques. Par conséquent il semblait tres 
difficille d’enregistrer les accélérations des secousses par un procédé pure- 
ment mécanique. Pour cela on utilise le phénoméne piézo-électrique ou 
le changement de capacité électrique d’un diaphragrame métallique bien 
tendu: mais ces procédés se heurtent toujours a la difficulté de maintenir 
les appareils dans des conditions favorables aux observations permanentes. 

Pour réaliser un sismographe accélérométrique, on remarque d’une 
part qu'il n’y a presque plus d’ondes sismiques de période inférieure a 
0-2 seconde et d’autre part que les ondes sismiques de petite période ne 
jouent pas un réle important sur la destruction des batiments. Autrement 
dit, la valeur de V’accélération n’est importante qu’autant que sa période 
(oscillation demeure assez longue par rapport 4 celle des maisons et dans 
ce cas l’action des secousses sismiques est considéré comme une force 
statique. 

Considérant ces conditions réelles, on peut alors fixer la période 
propre de l’appareil 4 0-15 seconde, période inférieure a celles des 
secousses sismiques. Quant a la sensibilité de l’appareil, il nous semble 
quwiil est suffisant d’avoir 1mm de déplacement a l’extrémite de la plume 
pour 1 gal d’accélération. Désignons par ¢,, le déplacement maximuni 
de la pointe correspondant 4 l’accélération — A sin pt du sol, par JT) la 
période d’oscillation propre de l’appareil et par R le rapport @’amplifica- 
tion géométrique ; on a la relation: 


& 
Sin — 
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Posons T, = 0-15,¢, = 1mm et A = 1 gal dans (5), on obtient R= 175 qui 
est réalisable avec une amplification mécanique ; car cet ordre d’amplifica- 
tion est toujours adopté dans un sismographe de haute sensibilité. 

Aprés avoir discuté la grandeur de la masse, le moment d’inertie des 
leviers et le procédé d’amortissement, la construction de Vappareil a été 
exécutée dans atelier de notre Institut. Puis on a exécuté les étalonnages 
de Vappareil achevé et il a été installé dans une cave. On a, en effet, 
réussi 4 enregistrer un certain nombre de séismes apparus aux environs 
de Tokyo. Nous allons alors rendre compte de la construction de cet 
appareil et des enregistrements obtenus avec. 


2. Dimensions de l’appareil. 


I] est certain qu’on est tout a fait libre quant au choix des dimen- 
sions de ’appareil. On a d’abord une masse oscillant sous l’action d’une 
force restitutive, dont la période n’est pas sensiblement modifiée par les 
moments d’inertie des leviers. Certes la grandeur de la masse dépend 
entiérement de la valeur du moment d’inertie du levier attaché et on peut 
done réaliser un appareil comportant une masse relativement petite quand 
on adopte les leviers trés légers. 

On a pris un type de pendule représenté dans la Fig. 1, dont le 
cylindre (J) ayant 27-2 em de longueur et 7-5 cm de diamétre, pése 13 kg. 


I est tenu verticalement au moyen de deux lames d’acier fixées séparément 
le long de sa génératrice. En faisant tailler les deux lames, on peut 
amener la période de ce pendule 4 0-15 seconde en la comparant par le 
procédé de Lissajous 4 un étalon vibratoire. 

Il y a trois leviers qui servent 4 amplifier le déplacement de la 
masse: leurs dimensions sont : 
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leviers bras inférieur bras supérieur 
1 er h (9-2 cm) L,(28 em) 
2 me I, (2 em) E,(14 cm) 
3 me 1, (1-5 em) D{15 em) 


Désignons par y le déplacement de la masse M, par € celui de Vextrémité 
du troisiéme levier et par 9, 0, et @2 les valeurs de la rotation de chacun 
des trois leviers, on a done 


ys, ELL) eee (6) 
D0; = 1,02, E = D6. ; 
Par suite le rapport d’amplification géométrique totale devient ; 
5 LL, Ly oe 
<=, = oe Fee OMS 55, cet ne ye 


Les valeurs du moment d’inertie des leviers sont déterminées (une part 
par augmentation de la période du pendule quand on ajoute le premier 
levier ; d’autre part par le procédé d’oscillation d’un pendule tortionnel : 


iy = 71000 ©. o. s. 

Te 212, 

bh = 9-8. 
Naturellement tous les leviers sont disposés de maniére que leurs centres 
de gravité soient sur les axes de rotation; autrement les secouses 
pourraient influer directement sur la rotation des leviers. 


3. Equations du mouvement. 


L’expression générale de l’équation du mouvement d’un sismographe 
donné par ’équation (1) sera suffisante, sauf s’il n’y a pas de levier ou de 
frottement a l’extrémité de la plume. Dans le cas actuel, on est obligé de 
modifier plus ou moins ’équation (1). Le Prof. S. Ono” a déa donné 
une série d’équations du mouvement qui sont applicables a des cas plus 
généraux. Mais comme il n’y a presque plus d’occasions d’utiliser un 
grand nombre de leviers, il est mieux de limiter les calculs a des conditions 
simples. On a les équations: 


Typ + 2 highy + 170) = — Fy Lo — Mhii, 


DO, sal PES — Filh, Wenenienas (8) 
EO, + kez L, a) FE. 


2) §. Ono, Kisyé-sytsi, [2], 5 (1927), 39. 


320 M. Isuimorto, . [Vol. IX, 


ou Fy, et Fy, sont les forces de réaction existant entre les deux leviers 
consécutifs, ko le coefficient di a un amortisseur spécialement attaché au 
premier levier et kz le coefficient du frottement mécanique a l’extrémité 
du troisiéme levier. 

En éliminant Fy, et Fy, et représentant 6,, et 6, par 4, on obtient 
tout de suite l’équation suivante : 


Ly Laan Ly In Le ? 
(4, + Ler 2 ae rE aed + 2 kyOy) +19 Oo ke a= a — Mh. 
ie te l 2 Ll, 
Prenons le cas ott ky est négligiable ; on a 
3, Mh | 
A> aa 2: 24, + nO, — a ie bos Giecateeia sola elsihieieia/eieie (9) 
{ Ly JE be k ene ce 
ou Lael, +h, 4=—2 at v=—. 
Nalige herons: \FI7, Tooth 
En posant « = asin pt, on a la solution du mouvement force: 
Mh ap” sin (pt—3) | 
a 
i I V(Ww-pyt+4 kp’ ey 
oye 
ou hn: sees ‘ 
‘ nv —p 
dans le cas 0 >> 9, 
Mh. 4 Ty tHe 
Gomi ‘p= Bee vite Sheed re 
; No eee (1) 


ot. Ty est la période d’un systéme dont la masse M est concentrée en un 
point 4 la distance h de l’axe de rotation. Conséquemment la sensibilité 
dun sismographe accélérométrique a toujours la méme valeur, que lon 
considére ou non le moment d’inertie des leviers qui amplifient. le 
déplacement de la masse. 

D’autre part, cependant, il est certain que la période propre de ce 
systéme augmente, si on ajoute des leviers comme le montre dans 
Péquation suivante : 


T2 Mn Mi 


fis v8 Taos iS oe i Ly Ly 


On a done besoin d’une assez grande masse dans un sismographe accéléro- 
métrique seulement pour que sa période propre ne varie pas sensiblement 
par adjonction d’un certain nombre de leviers. On’peut, done, réaliser un 
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sismographe accélérométrique avec une petite masse 4 condition de cher- 
cher quelque moyen permettant lenregistrant avec des leviers trés légers. 
Alors, on peut diviser 4 en deux parties ; 


9 


if 
I, = (i tag ) + Ly; 


ou la premiére partie est le moment d’inertie du cylindre et la seconde 
partie est celui du premier levier ; on peut connaitre la premiére d’aprés 
ses dimensions tandis qu’il faut faire une expérience pour connaitre la 
valeur de Ila seconde. Ona, enfin, pour les moments effectifs d’inertie 
des éléments : 


Mh’ = 1-100 x 10° 


’ ° 
M Soy 0-091 "5 
= 0725 ., 
ior 
i = 0-041 _,, 
au 
Dee 
eae 167), 
tal 
ie 1-47 110° 


On a 0-15s. pour la période d’un pendule comportant un cylindre tenu 
verticalement par deux lames d’acier et de suite la période réelle sera ; 


fh ee 0.15 4| ; - = 0-167 seconde. 
(w+) 


Cette période sera convenable pour exécuter nos observations ; en tout 
cas le troisiéme levier donne une influence maxima faisant varier la 
période. On a adopté une tige de paille pour le troisiéme levier afin de 
diminuer le moment d’inertie le plus possible: mais il nous a semblé 
qu'il était presque impossible d’avoir une tige de 15 cm de longneur ayant 
un moment d’inertie inférieur 4 8 ¢.g. s. 


4, Amortisseur. 


Pour amortir Voscillation propre de ce systéme on met un amortisseur 
comportant un piston cylindrique plongeant dans une petite cuve remplie 
d’huile. Naturellement, le coefficient de viscosité varie énormément avec 
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la température ; néanmoins on ne peut pas rejeter 
ce liquide 4 cause de cet inconvénient. Quand 


% g 
Z Z 
Sheol | L 
A 
Sae UC ZZZL LL, 


he 


beararcarorrwe wa waa ed, 


Vamortisseur 4 peu prés au milieu du premier K 
DS 


on adopte un amortisseur 4 air, on est obligé de 
réduire l’espace entre le piston et la paroi, et on 
ne peut empécher que le contact entre l’un et 
l'autre ne se produise. Pour cette raison il est 


mieux d’utiliser une matiére visqueuse. On fixe 


levier. La force d’amortissement 7 rapportée a 


l’unité de vitesse est représentée par, Fig. 2 
6x lyr 
~= 2 ocak ae cone eee -++ee-(18) 


ot J est la longueur du cylindre, r son rayon, eé l’espace entre le cylindre 
et la paroi et enfin 7 le coefficient de viscosité de liquide. La condition 
d’amortissement critique sera, 


ot a est le soe entre la vitesse du piston et celle de la masse. En 
posant r=2cm, J=3em, e=1mm, e=13, T= 016s et [= 1-47 x 10°, 
on peut estimer 7 = 1-4 ¢.g.s. prés qui est une valeur habituelle pour la 
viscosité des huiles Wekase En mélangeant du pétrole a l’huile a 
mécanisme, on obtient un liquide ayant la viscosité exigée. Aprés cette 
manipulation on a réussi a amortir le systéme, comme [étalonnage 
exécuté nous l’a fait constater. 


5. Frottement de la plume. 


Comme l’extrémité du troisiéme levier glisse sur le papier recouvert 
de noir de fumée afin d’enregistrer les secousses, il faut considérer le 
frottement 4 la pointe; cela joue un rdle important dans l’estimation du 
degré de précision des enregistrements obtenus. 

La plume est en acier ou en tungusténe, ce qui donne une pointe 
trés fine, et un frottement aussi petit que possible. Certes, ce genre de 
frottement n’est autre que celui di au contact de deux solides et il 
augmente 4 peu prés propertionellement avec la pression de la pointe 
sur le papier, pression due au poids de la plume. I] est, en effet, 


Go 
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préférable de la construire 
légére et cela nous a conduit 
A exécuter une expérience 
pour déterminer la valeur du 
frottement. 

Une masse ayant un 
moment d’inertie (I) peut 
osciller comme le montre la 
Fig. 3. On attache a la masse 
un levier muni d’une plume 
dont la pointe est destinée a 
écrire Voscillation sur le papier 
enroulé sur un tambour tour- 


nant. L’équation du mouvement est : 


16 + nO &fL=0, ve Beg e Peet -(10,) 
ot on prend+ pour 6 > 0,—pour 6<0. La solution de cette équatign 
sera 
‘L fL 
i= G ) cos Sie 7G yaar CRs aud (16) 
et 
ab 
— ONT L (2 &— 2 dix) A aie GIS ACS Beno nOOG (17) 


ot N est le nombre d’oscillations, a et ay correspondent respectivement 
A la premiére et a la N” amplitude. Avec une expérience on peut tout de 
suite déterminer la valeur de f; mais il y a en général un amortissement 
visqueux qui nous est indifférent pour notre but et on est obligé de con- 
sidérer la valeur ultiéme de amplitude comme Vindique la Fig. 4. On 
prend Vamplitude d’oscillation pourl’abscisse et 2( Gin — Gn420) POUT Vordonnée. 
Dans la figure on trouve deux lignes droites dont V’inclinaison représente 
le degré d’amortissement visqueux qui est constante pour les deux lignes ; 
tandis que les valeurs ultiémes montrent ceux correspondant aux valeurs de 
frottement solide de deux plumes ayant des poids différents. Ces valeurs 
nous montrent que le frottement solide varie sensiblement avec le poids 
de la plume et enfin on a adopté une plume ayant le coefficient de 
frottement le plus petit. D’aprés cela, on a calculé la valeur de f: 0-19 
dyne. Quoiqu’elle soit petite, il est necéssaire de considérer cette valeur 
qui est une cause de flexion des leviers. | 

Laction de ce frottement réagit sur la masse et la pointe n’enregistra 
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oa 


“12,4 


ne “a 


2 * amplitude 
1,0 15 


Fig. 4. T=0-714s. I=3580 
L=15em N= 
plus daceélérations inférieures 4 cette force. Cette accélération est 


Ai hari 213—0-0031 gal qu’on peut considérer comme négligeable pour 


le but que nous poursuivons. 


6. Flexion des leviers. 


Il y a trois leviers dans notre sismographe accélérométrique qui 
servent amplifier le déplacement de la masse. Comme ils sont constitués 
par un corps élastique, il se produit des flexions sous l’action du frotte- 
ment A Vextrémité du troisiéme levier ainsi que sous celle de rotation non- 
uniforme des leviers 4 cause de lear moment d’inertie. 

Désignons par @ la diminution du déplacement a Vextrémité du 
troisiéme levier, due a la flexion des leviers. On peut alors diviser a en 
trois parties correspondant aux trois leviers. 


a= At+a,+a, 


DT, Le 
a= Fy Dy he 4 

Ms (18) 
a= FD 7 
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ou Dy, D, et D, sont les valeurs de la flexion détérminée expérimentalement 
sur chaque levier et rapportées 4 Punité de force ; 


Ds — 2.5 x Oe 
19s = 6-9 x 107? 
D; = 17x 10z 


Fy et Fy» sont les valeurs déterminées définitivement dans les équations (8). 
Ona: 


Fo = LT Be kz 7s ; 


Veer ob key 
Petia ia a 
Quand le mouvement de la pointe sera représenté par Voscillation 
sinusoidale, on a 
ere eee 2 ie 


As = LE sin op ie 


Introduisons ces relations dans les équations (18), on obtiendra tout de 
suite,” | 


lo 
S ” ~ 7 
Oa 06-8 x 10° +245 x 10-° 
ov 


Gym = qa 11-9 x 10-°+1-38 x 10°? 


Hon = +3-4x 107° 


nn 14-6 x 10°+5-0 x 10-° 

D’autre part, on a On=En——m OV §,’ représente le déplacement maxi- 
mum de J’extrémité de la plume en tenant compte la flexion des leviers ; 
on a done 


uty 


/ 
ae if a Rey ara, ahs (20) 
Sm A Sm 
ot a — 14-6x10-° et b = 5-0 x 10-*. On représente cette relation dans la 
Fig. 5 montrant la dimunition de é,, rapportée 4 T. La diminusion de &,, 
ne dépasse pas de 4 pour cent, meme dans le cas ot T=0-1 5, ¢,, = 0-1 mm. 


3) nous avons pris ke: 0-2 dyne. 
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a 


T=0.04 
T=0, aan 


80 


40 


20 


de § | 


10°" 


Tous les calculs sont faits jusqu’ici suivant Vhypothése que les 
forces sinusoidales agissent comme les forces statiques: ils sont appli- 
quables, cependant, dans le cas ot la période d’oscillation des leviers est 
trés petite par rapport aux périodes des secousses sismiques. On a donc 
exécuté une expérience sur le troisiéme levier pour connaitre sa période 
propre d’oscillation. Elle était 7 = 1-06x10-?s. qui est assez petite par 
rapport a celle des secousses sismiques. 


7. Montage. 


On a construit deux systémes vibratoires identiques disposés de 
maniére a enregistrer les deux composantes des secousses sur un seul 
tambour tournant. Le systéme pour la composante verticale est main- 
tenant en construction et les détails seront publiés dans un prochain 
mémoire. 

Les connections de deux leviers consécutifs sont faites avec beaucoup 
de précaution pour qu’il n’y a aucun jeu entre eux. Le premier est en 
contact avec le deuxiéme par l’intermédiaire d’une petite bille d’acier qui 
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est maintenue pressée entre les deux au moyen d’un petit ressort. Le bras 
inférieur du troisiéme levier est constitué par un aimant qui fait un 
contact par pression avec le bras supérieur du deuxiéme levier. 

Le tambour fait un tour complet en 10 minutes 4 l’aide d’un moteur 
synchrone® qui fait 300 révolutions par minute; sa vitesse est, en effet, 
diminuée par deux étages de vis sans fin. On constate que la vitesse de 
rotation du tambour demeure assez constante pour qu’on puisse mesurer 
le temps trés exactement sur les enregistrements obtenus. On a 5-65cm 
de course par minute a la surface du tambour. La Fig. 6 est une photo- 
eraphie de cet appareil. _ 


8. Etalonnages. 


Pour verifier la sensibilité de cet appareil, on a exécuté une série 
d’étalonnages.” 

La premiére expérience consiste a faire agir une force statique: soit 
une force de pesanteur, soit 
une force due a lélongation 
dun fil élastique de caout- 
chouc. Au crochet de la 18 
masse, on a attaché un fil de 
soie transmettant la force de 
pesanteur par lintermédiaire 
dune poulie ou simplement 12 


> 


SESH 


par la force d’un fil de caout- 


chouc dont Vélongation pour H E — 

une force donnée est connue. 08 fa 

Les résultats obtenus sont aA VE] ae 

indiqués dans la Fig. 7: ils bea iy 

nous prouvent que les dévia- me ey ei 

tions sont proportionelles a la 02 

force appliquée, et on peut donc Pe hed Ce 

calculer tout de suite la valeur Sn ge C208 250/81-300 or pls 
de l’accélération représentée par HoT 


les déviations de la plume. 


4) F. Kisarnovuye, Disin, 2 (1930), 487. 

5) Nous avons exécuté |’étalonnage sur No. 2 dont nous avons mis un petit ressort 
enscontact des premier et deuxiéme leviers, cela nous a donné un peu de diminution de 
sa période ainsi que sa sensibilité. 
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On a alors 1 mm‘de déviation pour 1-20 gal d’accélération pour No. 2 A 
daprés la formule suivante: 


5 c : < mM 
Sensibilité (déviation de plume pour Punité de Vaccélération)= = 


La deuxiéme expérience est exécutée a l'aide d’un fil élastique de 
caoutchoue dont une extrémité est attachée au crochet, l’autre extrémité 
du fil étant animée 
d’un mouvement si- 
nusoidal d’amplitude 
constante et de différ- 
entes périodes; ce 
procédé d’expérience 
est déja expliqué dans 
les mémoires préceé- 
dents. Une courbe 
d’aprés les données 


est représentée dans 
dane tyes. PO 2 ata 
courbe est toujours 
horizontale dans la 


: i] 2 3m 
Fig. 9. 
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région considérée. On constate une diminution brusque de la sensibilité - 
dans la région de période inférieure & 0-2 seconde. Cette caractéristique 
dépend simplement de ce que le systéme a une période propre d’une 
certaine valeur ; une telle relation a été déja montrée théoritiquement dans 
un des mémoires précédents. 

La troisiéme expérience a été faite sur une plate-forme oscillante 
suspendue par quatre montants de bois et le changement de sa période est 
réalisée en attachant un certain nombre de tiges donnant la force 
restitutive ; la force est & peu prés proportionelle au nombre des tiges. 
Les résultats obtenus sont montrés dans la Fig. 9. De ces résultats nous 
pouvons tirer une certaine relation entre €,, et T. Pour 10 mm. de double 
amplitude de plate-forme on a: | 


2m Th T? 2 EmT?( =4 72 2a) 
cm s. 
0:93 1-84 3:39 3-22 
1:79 1:34 1-80 3-21 
3-96 0-896 0-803 3-13 
13-6 ()-483 0-233 3-20 
ot ¢,,7” est presque constante. Nous avons enfin la sensibilité de cet 


appareil comme €=1 mm correspond a 1-23 gal. 


9. Enregistrements obtenus. 


En installant notre appareil® dans une cave de notre Institut pendant 
quatre mois, on a réussi a enregistrer un certain nombre de_ séismes 
dont malheureusement les intensités demeuraient comparativement 
petites. On a déja parlé de la comparaison de l’accélération maxima 
déduite des enregistrements d’un sismographe de type ordinaire a celle 
obtenue directement par les enregistrement accélérométriques.” Constatant 
qu’il n’y a aucune coincidence entre eux, on a proposé l’existence de 
deux sources d’erreurs ; il y a 1° la difficulté de connaitre une onde ayant 
Vaccélération maxima; 2° l’inéxactitude de la rotation du tambour. On 
a, en effet, été obligé de comparer les ondes I’une aprés l’autre dans les 
deux sortes d’enregistrements. 

Les trois enregistrements montrés dans les figures 10, 11, et 12 sont 


6) Cet appareil était le premier, et sa sensibilité n’st pas la méme que celle du 
second surlequel on a montré les résultats d’étalonnage. 
B)) Uae 
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les secousses des séismes apparus dans la région de Kanté donnant des 
secousses perceptibles 4 Toky6. Leurs éléments sont 


| Temps d’occurence (1931) Epicentre®) 

| 
Fig. 10 | mars 25/15" 30™ 36-88 FE 139°1 N 36°2 
Fig. 11 | ep 27h 25) 93529 E 140-4 N 35:3 
Fig. 12 avril 4 9 16 41-9 FE 139:3 N 38-5 


Quand on compare les deux enregistrements de méme composante, 
on s’apercoit que toutes les petites ondes se correspondent lune aprés 
lautre. Naturellement, on ne peut pas distinguer les ondes dont la 
période est assez grande dans les enregistrements accélérométriques ; 
c'est parce que les accélérations des grandes ondes sont toujours petites. 

D’autre part, dans les enregistrements obtenus par un sismographe 
de type ordinaire, les ondes de petite période disparaissent quand les 
ondes de grande amplitude et de grande période prédominent; tandis 
qu’on trouve toujours les ondes de petite période dans les enregistre- 
ments accélérométriques. On accepte de ce fait deux sortes. d’explications : 
Vune due au défaut mécanique d’enregistrement du sismographe, l’autre 
due au fait que les mouvements dus aux grandes ondes masquent les 
petites ondes. Il nous semble en tout cas que la vraie source du fait sera le 
dernier.” On peut adopter un sismographe accélérométrique pour étudier 
surtout les petites ondes des séismes; autrement dit, les études sur les 
s¢ismes voisins seront mieux exécutées avec un sismographe accéléromé- 
trique: car on trouve que ce sont toujours les ondes de petite période qui 
y prédominent. 


10. Remarques. 


Nous avons l’intention d’exécuter des observations simultannées sur 
les séismes avec plusieurs stations munies des sismographes accéléromé- 
triques, afin de connaitre les caractéristiques des secousses sismiques. 
On a déja signalé des caractéristiques des secousses qui sont probablement 
des conséquences de l’hétérogéniété du milieu ot les ondes sismiques 


8) déterminés par M. C. Yasuda. 

4) Quand on regarde un sismographe pendant un séisme, on apprecoit souvant la 
plume qui oscille avec deux périodes de mouvements, mais il semble qu’elle écrit seulement 
les plus grandes ondes. 
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se propagent. I] est certain, donc, qu’on peut inversement imaginer 
que la crotite terrestre est composés de substances diverses ayant des para- 
inétres d’élasticité différents. 

Des enregistrements d’une seule station, on peut simplement classer 
les séismes en différents types rapportés a la direction de leurs 
hypocentres ; mais avec un certain nombre de stations, on peut avancer 
nos discussions sur les caractéristiques rapportées aux mémes positions 
hypocentrales. En tout cas, quand on aura plusieurs enregistrements 
accélérométriques pour chaque séisme, on pourra aisément tirer quelques 
faits rapportés a la constitution de la crodte terrestre. 

Pour discuter le phémoméne de Vinfluence de l’accélération sismique 
sur la destruction des batiments, il nous faut attendre qu’un séisme assez 
fort nous permette des observations. 

Pour terminer nous voulons exprimer nos vifs remerciments au 
Professeur K. Suyehiro, directeur de notre Institut, pour ’obligeance avec 
laquelle il nous a donné des suggestions de valeur et des discussions 
précieuses. 


22. Sze Eth HH RAR it R 
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a> b RHUL WHEL 7S o 

2, SRIDEMMLURHOMMA 13 kg OFLA L. HARBAUGH 01d PIC r 
hCH So HROMMLASOOMAFIK £OT 213 ICMAT So THT ORMRARG MEIC S 
4OrPbEKHNKH 71500, 212, 9-8 (c.g.8.) Off % A UTI So 

3, EPORa DF HSMM REO RRB BA IM Le ERE OR BRIS Ave BIE O LAT ase 
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Fig. 6. Vue générale du Sismographe accélérométrique. Masse: 13 kg. 
Amplification géométrique: 213. Sensibilité 1” sur linscription= 1-23 gal. 
Période propre de Voscillation: 0-16 s. 
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23. Geological Growth of the Tokyo Bay. 
By Hisakatsu YABE, 


Earthquake Research Institute. 


(Read May 19, 1981.—Received May 17, 1931.) 


The Tokyo Bay is a rectangular depression in the Kwanto tectonic 
basin,? with an extension of 50km. from north-east to south-west and 
30 km. from north-west to south-east. Its four borders are more or less 
irregular; while the major irregularities are due to prograded deltaic 
deposits of the Sumida-gawa, Rokugé-gawa and several other rivers as 
well as to the sand spit of Futtsu, minor ones are the consequence of a 
land-submergence of 150+ m., thereby the depression of the Tokyo Bay 
and the ancient valley anteceding the Uraga Channel being invaded by 
transgressing marine water. This submergence of land was followed by 
an emergence of at most 20m. The outline of the Tokyé Bay with 
rectilinear borders suggests its tectonic origin; it is probably controlled 
by faults in two systems, one of NE-SW trend and the other of NW-SE. 
It may also deserve our attention that all the large swamps and lagoons 
(Tega-numa, Imba-numa, Kasumiga-ura and Kita-ura), dependent to the 
drainage system of the Tone-gawa, are situated on the north-eastern 
extension of this depressed zone. 

The higher, Tama-, and the lower, Musashino-terraces” into which 
the plateau-surface of the Kwanto tectonic basin is divided are arranged 
in discordance with the area occupied by the Toky6 Bay ; this fact is a 
remarkable testimomy to the essential youth of the Toky6 Bay, suggesting 
that its foundering dated later than the building of the two terraces, or 
in other words, later than the tectonic movements which led to the build- 
ing of the Kwanto basin by basin-shaped uplift of the marine Narita 
Series ; or more correctly, it may be considered as an episode of a later 


1) H. Yase and R. Aoxt, “The Great Kwantd Earthquake of September 1, 1923, 
Geologically Considered,” Ann. Rep. Saitd Gratitude Foundation, No. 1 (1926). 

2) R.Aoxrand R. Tayama, “ Topography and Geology of the Kwanté Tectonic Basin 
with Special Reference to Its Western Border,” Saité Gratitude Foundation, Scientific Report, 
No. 8 (1930), (in Japanese). 


394 H. YABE. [Vol. IX, 


date intervening this long continued tectonic movement which gave rise 
to the Tama- and Musashino terraces. Perhaps it was also anteceded by 
the deposition of the Kwanté loam upon the surface of the two terraces. 

Hence the Toky6 Bay is not a relic sea of the older, Palaeo-Toky6 
Bay,” in which the marine sediments of the Narita Series are thought to 
have been deposited. - 

The Toky6 Bay is shallow, not exceeding 60 m. in depth; the basin 
was in terrestrial condition before the land submergence referred to 
above, as indicated by the drowned valley in the Uraga Channel.” 

The Uraga Channel is zigzag-shaped, parallelsided and 10 km. 
broad on the average ; its floor gently descends from 60 m. at the north 
to 80 m. at the south, and has a drowned valley running lengthwise on its 
floor. There is no trace of the Tama- and Musashino-terraces fringing 
the periphery of the channel, and it has in common with the outer sea 
and the Tokyd Bay only the coastal topography of the last land-submer- 
gence and raised-beaches telliag younger, the last emergence. 

The silt beneath the soil of the Downtown of Toky6 is an estuarine 
deposit of the time of the last land-submergence, later uplifted; it 
occasionally contains numerous mollusca characteristic of a muddy 
bottom, as that once excavated at Ytraku-chd, Kdjimachi-ku”; it is a 
kind of bay-head deposits in drowned valleys, and contemporaneous 
deposits of similar nature occur also along the both sides of the Uraga 
Channel, for instance, at Uraga on the west side and Minato on the east. 
The molluscan fauna of these raised beaches does not essentially differ in 
its constitution from the recent one living in the Toky6 Bay under the 
same physical condition. 

The contemporaneous raised beaches exist not only along the Sagami 
Bay coast of Sagami and the Miura Peninsula, and around the Boés6d 
Peninsula outside the Uraga Channel, but also almost everywhere around 


3) In Oiso block, Miura and Bésd Peninsulas, the grouping of the strata shows that 
we are dealing with the surviving remnants of the late Neogene range that ran along the 
northern border of the present Sagami-nada and crossed the Uraga Channel; this horst 
mountain struck farther south-south-eastward into the Pacific. The crust-block sunken 
north of it converted into a bay, open to east and south-east; for this Pleistocene bay, the 
name Palaeo-Téky6 Bay was proposed by me many years ago. H. Yass, ‘‘ Bésd Penin- 
sula” Gendai no Kwagaku, 2 (1914), No. 4, (in Japanese). 

4) H. Yase and R. Tayama, “On Some Remarkable Examples of Drowned Valleys 
found around the Japanese Islands,” Records Oceanogr. Wks., Japan, 2 (1929), No. 1. 

5) G. Yamaxawa, ‘ Alluvial Mollusca from Yfraku-ché,” Jour. Geol. Soc., Tokyd 
(1909), (in Japanese). 
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the Japanese Islands where they were not destroyed by later abrasion, 
either marine or subaerial; there are primarily absent only where a, local 
crustal disturbance caused the shifting of the strand line more in opposite 
sense, as, for instance, in the southernmost part of the Kitakami 
Mountainland and in the Matsushima-Shiogama district.” 

The raised beaches constitute one particular group of terraces which 
are geologically the youngest ones among the so-called ‘“ Post-Kwant6o 
loam terraces” of Messrs. R. Aoki, and R. Tayama,” and may hereafter 
be called “the 15m. beaches” for the sake of brevity, though their 
altitude much differs from place to place and ranges usually from less 
than 5 m. to 20 m. in the Kwanto region. 

One of the “15m. beaches ”, which is the most instructive of all, is 
the coral bed, or more correctly coral reef, of Noma near Tateyama and 
along the Tateyama-wan, in the province of Awa, where an alluvial plain 
has its surface some 20 m. higher than the present sea-level. As shown 
by many excavations at Okanoma and several other places near by, there 
is ina more or less extended distribution an incipient fringing reef of 
reef-building corals beneath the alluvial silt, which had once grown in 
drowned valleys, cut into Neogene rocks, at the time of the last land 
submergence, referred to above. 

The semifossil reef is about 2-3 m. thick-and consists of coral heads 
or stocks in upright position, the basal ones of which attach directly to 
the rock-floor, Neogene tuffs of the Miura Series, or to angular or 
subangular blocks of the same rocks torn off from the very floor and 
rolled. 

Other common organic remains in association with these corals are 
thick-shelled mollusea, all found in fresh condition, not seldom with 
colour pattern and bivalves having both valves usually intact. The 
corals are likewise well preserved, even delicate spinules of septal margin 
usually showing no trace of damage. Worthy of special note is further 
the circumstance that there are almost no rolled pieces of coral stocks 
around the reef ; at least these were not seen in an excavation of Okanoma 
which I had an opportunity personally to examine a score of years ago, 
and in another one very recently prosecuted by members of the Institute 


6) H. Yass, “ Excursion to Matsushima and Sendai; Geological Guide,” Guide-Book, 
Excursion C 3, published by the Pan-Pacific Science Congress, 1926. 

7) R. Aoxr and R. Tayama, op. cit. R. Tayama, “ Topography of the Bésé Peninsula, 
with Special Reference to the Correlation of Abrasion Planes,” Saité Grati'ude Foundation, 
Scientific Reports, No. 9 (1930), (in Japanese). 
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of Geology and Palaeontology, Tohoku Imperial University. All these 
facts seem to support the view that we have here an incipient fringing 
reef grown in a rather calm water immediately after the land 
submergence. 

There is a divergence of opinions as to the geological age of the 
Noma coral reef. Dr. M. Yokoyama at first maintained the Pleistocene 
warm age instead of glacial in Japan on the evidence of this formation, 
but later assigned it to the youngest Pleistocene.” In my opinion it is 
early Holocene as already expressed elsewhere.” Mr. T. Kuropa of the 
Institute of Geology and Mineralogy, Kyoto Imperial University, verbally 
communicated me that the molluscan fauna of the semifossil reef of 
Noma is similar to the recent one living in the adjacent warm water. 
The question of the geological age of the coral reef is intimately related 
to the larger problem how to mark the Pleistocene-Holocene boundary in 
the Japanese Islands, where we have no trace of past glaciation else than 
scanty small cirques on the high peaks of the Hida-Shinano Mountains 
or the so-called Japanese Alps’? and the Hidaka Mountains of Hokkaido. 
The topographical relation of these cirques to the valley-terraces in the 
mountains and that of the latter to the Tama and Musashino terraces 
have not yet been thoroughly studied by any of us, though these are 
topics of our keen interest. 


In this connection, very interesting is a comparison between the 
British Islands (especially of non-glaciated areas) and the Japanese 
Islands as to the change of sea-level and climate during the latest 
Cenozoic. Our 15m. beaches and terraces may approximately correspond 
to the so-called Neolithic beaches of the British Islands and the stage of 
land-submergence preceding to the emergence has its exact copy in the 
land-submergence by which the stage of the Neolithic beaches is separated 
from the so-called Forest stage, while the Forest stage seems to found its 
counterpart in the time during which our Tama and Musashino terraces 


8) M. Yoxoyama, “ Climatic Changes in Japan since the Pliocene Epoch,” Jour. Coll. 
Sci. Imp. Univ., Téky6, 32 1911), Art.6 M Yokoyama, “ Mollusca from the Coral-Bed 
of Awa,” ibid., 45 (1924), Art. 1. 

9) H. Yase and R. Aoxt, “ A Summary of the Stratigraphical and Palaeontological 
Studies of the Cenozoic of Japan, 1920 to 1923,” Proc. Pan-Facific Sci. Congr., Australia 
(1923). 

10) N. Yamasaki, “Glaciation of the Hida Mountains,” Geol. Soc., Tékyd, 21 (114), 
(in Japanese). K.-Osrx1, “Some Notes on Glacial Phenomena in the North Japanese 
Alps,” Scot. Geogr. Mag., 31 (1915). 
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were formed. Then the best way from the stand-point of diastrophism 
is, I think, to mark the dawn of the Holocene with the last land-submer- 
gence in the Japanese Islands, as already definitely stated by me several 
years ago.” So far as Tam now aware, all the neolithic human sites and 
shell mounds in the Kwanto region with dressed and polished stone 
implements as well as potteries are situated on the 15 m. beaches and 
terraces or on the Kwantd loam covering the Tama- and Musashino- 
terraces. 

Finally it remains to settle the relative antiquity of the depression of 
the Tokyo Bay and the building of the older terraces of the “ Post-Kwanto 
loam terraces ”, because the latter, like the former, is a geological event 
preceding the last land-submergence. An answer to this question can be 
obtained by a glance of the terrace map of the northern part of the Bos6 
Peninsula by Mr. R. Tayama,” which distinctly shows that the older 
terraces of the “ Post-Kwantoé loam terraces” are nearly conformant in 
their areal distribution with the present drainage system of the district, 
fringing even small, apparently young side-valleys. Hence there is 
almost no doubt about that the older terraces of the “ Post-Kwantd loam 
terraces”, like the younger ones, are of the later origin than the depres- 
sion of the Toky6 Bay, at least in this district now we specially concern, 
though of course it is never the truth to say that every one of the terraces 
ofathis category has the same history, because we have good reason to 
believe that the emergence of land was continuously in progress in the 
Kwanto basin as before as after the foundering of the Toky6 Bay, and the 
possibility is by no means excluded that some of the terraces are decidedly 
of an earlier date. 


Summary. 


From the foregoing remarks it appears reasonable to subdivide the 
Shikishima Period (the Japanese Pleistocene + Holocene) by the use of 
rarious diastrophic criteria in the following way, in so far as the Kwanto 
region 1s concerned. 


11) H. Yasr and R. Aokt, “ A Summary of the Stratigraphical and Palaeontological 
Studies,” ce. cit. 

12) R. Tayama, “ Topography of the Bésé Peninsula,” loc. cit. 

13) H. Yasr and R. Aoki, “ A Summary of the Stratigraphical and Palaeontological 
Studies,” Joc. cit. 


338 H.: YABE. [Vol. IX, 


1. Land submergence in the early Shikishima Period and the 
deposition of the marine Narita Series in the Palaeo-Toky6 Bay on the 
submerged land surface called by Yapr the Pre-Narita and believed to be 
equivalent to the Pre-Tama of Messrs. Aoxr and Tayama.? 

2. Land emergence, elevating the Narita Series above the sea level; 
subaerial denudation and the building of the Tama terraces. 

3. Crustal disturbance as indicated by the different behaviours of 
the Tama and Musashino terraces. 

4. Land emergence and subaerial denudation continued ; building 
of the Musashino terraces. 

5. Deposition of the Kwantd loam upon the surface of the Tama 
and Musashino terraces. 

6. Land emergence and subaerial denudation continued ; depression 
of the Tokyo Bay and building of the older ones of the “ Post-Kwant6 
loam terraces ”’. ; 

7. The last land submergence ; giving rise to the drowned valleys of 
the higher level’; the deposition of the sediments of the 15 m. beaches 
and terraces ; growth of the Noma fringing reef. Early Holocene. 

8. The last land-emergence; building of 15m. beaches and the other 


terraces of the younger group of the “ Post-Kwanto loam terraces ”. 
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14) R. Aoxr and R, Tayama, “Geology and Topography of the Kwanté Tectonic 
Basin,” loe. cit. 

15) H. YAse and R. Tayama, “On Some Remarkable Examples of Drowned Valleys,” 
loc. cit. 
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24. Early Pliocene Crustal Movement in the 
Outer Zone of Southwest Japan and 
in the Naumann’s Fossa Magna. 


By Yanosuke OTUKA, 


Jarthquake Research Institute. 


(Read June 16, 1931.—Received June 20, 1931.) ' 


The object of this communication is to describe an interesting struc- 
tural feature of the lower Pliocene strata in the Outer Zone of Southwest 
Japan” and in the Naumann’s Fossa Magna.” 


The areas dealt with are 
plotted on the accompanying — |\ oe : 
. . ; = » ral 
index map (Fig. 1); these are :— : hes \ 3 
4 S ° 
1. The northeastern part § U, ai 
; ; ‘ A r \ . at” 
of Miyazaki prefecture, along A eA ON 
eee Sout nes tot 
the southeastern coast. of | rs wigan z fore 
Se ia ae 8 fine oF ant 7 
Kytsyt. pp A owt Shey 
2. The eastern part of wanes) wey OX 
CA ss Bie rm tes o* > o* 
KO6ti prefecture along the Tosa ee 
bay. \" LESS 
_ c 
r . ees, » 
5. The Kakegawa  dis- ie : 
trict, west of Siduoka. 
Vanieay he 


4. The Asigara district, 
adjoining to the north of the voleano Hakone. 
5. The Nagano prefecture. 
The first three districts of the above list are sited in the Outer Zone 
of Southwest Japan and the latter two are in the Fossa Magna. 


1) Dr. H. Yabe divided the southwest Japan into two parts, the inner or northern 
side and the outer or southern side, with his median dislocation line, which is the 
boundary line between the Izumi sandstone and gneiss on one side and the crystalline 
schists and the lower Chichibu series on the other. 

2) The term “Fossa Magna” was proposed originally by E. Naumann to the 
transverse divisional zone between the southwest Japan and the northeast Japan. Western 
border of the Fossa Magna is the Itoigawa-Siduoka line of Dr. H. Yabe. 
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1. The northeastern part of iNest ae along the south- 
eastern coast of Kydsyt. 

The northeastern part of Miyazaki ieee is built up of Mesozoic 
deposits, of which the precise geological age is still unknown, porphyrite, 
older and younger Tertiary and Quaternary in ascending order. 

Dr. T. Iki® who first studied the geology of this district gave some 
accounts of the younger Tertiary in his explanatory text to the geological 
map of Japan, 1: 200.000, the Sadowara sheet, 1896, published from the 
Imperial Geological Survey. Later Dr. H. Yabe® made a reference to an 
Operculina-rocks in Japan, and Dr. M. Yokoyama” published in 1928 the 
result of his thorough study of fossils collected by Mr. T. Kobayashi from 
the formation, thereby describing 119 species. The following accounts 
of the younger Tertiary formation of this district is an outcome of my 
field work carried on late in the spring of 1930.” 

The area occupied by Neogene strata is a dissected raised coastal 
plain, called the Hytga coastal plain, drained by the rivers Omaru and 
Hitotuse ; it is trianguler in outline, bounded by the Hyfiga-nada (Hytga 
sea) coast on the east and Osuzu mountainland and Higasimorogata 
mountainland on the other two sides. 

The general sequence of the younger Tertiary deposits as observed 
between the Omaru and Hitotuse is as follows, in descending order : 


Heki beds 
Takanabe group } Koonzi beds 
Sadowara beds 


Tuma group 

The Takanabe group which occupies the eastern portion of the area 
(Fig. 2) is divisible into Heki beds, K6éonzi beds and Sadowara beds. 
The upper member, Heki beds, %s essentially gray sandy mud, intercalat- 
ing two pumiceous zones and sometimes enclosing calcareous nodules : 
there are many fossiliferous zones in this complex. The Koonzi beds 
consist of mud and silt in thin-bedded alternation and have fossili- 
ferous zones. The Sadowara beds consist of barren sand and mud in the 
northern part of the area, which gradually pass into brown fine grained 


3) TT. Ixt, Hepl. Text Geol. Map Japan, ‘“ Sadowara ” Sheet, 1: 200.000, (1904). 

4, H. Yass, “ Notes on Operculina-Rocks from Japan, with Remarks on Nummulites 
cumingi Carpenter ”, Sci. Rep. Téhoku Imp. Uniw., II ser., 5, 1 (1918). 

5) M. Yoxoyama, “ Pliocene Shells from Hyftga ”, Jour. Fac. Sci. Imp. Univ., Tokyd, 
Sect. II, 2 (1928), 331-350. 

6) Y. Oruxa, “ Some Geologic Problems in the Southwestern Coast of Kyfisya ”, Georg. 
Rev., Japan, 6, 7 (1930), (in Japanese). 
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conglomerates in the southern part of the area; an archetypal Stegodon 
reported by Dr. Yokoyama” is from the latter. 
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Fig. 2. Geological Map of Hyfiga Coast by Yanosuke Otuka. 


7) M. Yonoyama, “Stegodon from Urydno, Miyazaki Prefecture”, Jour. Geol. Soc., 
Téky6, 20 (1913), 236, (in Japanese). 
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Of numerous species of the fossil shells found in the Takanabe 
group, Anadara satowi castellata (Yokoyama), Glycymeris nakamurar 
Makiyama, Pecten (Amussiopecten) praesignis Yokoyama, Venericardia 
panda (Yokoyama), Umbonium suchiense Yokoyama, Umboniwm suchiense 
subsuchiense Makiyama, Umbonium mysticum Yokoyama, Clavatula daini- 
chiensis Yokoyama, Latrunculus eratus (Yokoyama) ete., are specially 
worthy of note, because of their being also common and characteristic 
species of the lower part of the Kakegawa series of Dr. J. Makiyama,® 
to be mentioned later on. 

The older, Tuma Group, which occupies the western part, consists of 
unstratified thick dark gray muds in its upper part and stratified sands 
in the lower. It covers the older basement complex in chnounconformity 
with its base on the west almost coinciding with the topographic boun- 
dary between Osuzu mountainland and the Hytga coastal plain. 

The structural arrangements of these younger Tertiary complexes are 
regular, having the strike varying from N 20° E to N-S and hence gene- 
rally parallel to the shoreline of the plain and the dip about 10° NE or E: 
the general strike and dip, however, are sometimes affected by local 
foldings or other disturbances. Freshwater deposits, presumably of the 
lower Pleistocene age, rest horizontally upon these groups in a few isolated 
patches. Fig. 2 is a map showing the geologic structure of this district 
and a profile on the line AB, which is normal to the general trend of the 
younger Tertiary. 

2. The eastern part of K6ti prefecture along the Tosa bay. 

The first geological survey of this district was prosecuted by 
Dr. T. Ogawa” and the late Y. Otsuki,"” the author of the explanatory 
text to the geological map of Japan, 1: 200.000, the Kochi (KX6ti) and 
Muroto sheet respectively, which contain many instructive geological 
accounts worthy of special attention. 

In the explanatory texts to the geological map of Japan, 1: 75.000, 
the Muroto” and Kochi” (Koti) sheet, Mr. T. Suzuki ascribed middle 
Pliocene age to the upper Tertiary deposits of this field which rest 


8) J. Maxryama, “ Molluscan Fauna of the Lower Part of the KaxrGawa Series in the 
Province of Tétdémi, Japan ”, Wem. Coll. Sci. Kyéto Imp. Univ., Ser. B. 3, 1 (1927). 
9) TT. Oa@awa, Expl. Text Geol. Map Japan, “ Kéchi” sheet, 1:200.000, (1905). 
10) Y. Orsuxt, Expl. Text Geol. Map Japan, “ Muroto” sheet, 1:200.009, (1902). 
11) T. Suzuki, Repl. Text Geol. Map Japan, “ Muroto ” sheet, 1:75.000, (1930). 
12) T. Suzuki, Expl. Text Geol. Map Japan, “ Kéchi” sheet, 1:75.000, (1931). 
13) M. Yoxoyama, “Pliocene Shells from Ténohama, Tosa”, Imp. Geol. Surv., Japan, 
Rep. 104 (1929). 
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unconformably upon the formation of Mesozoic ? rocks and consist of 
marine conglomerate and sand. Prior to this, Dr. J. Makiyama™ found 
Umbonium mysticum Yokoyama, a characteristic fossil of his lower part 
of the lower Kakegawa series, and suggested the contemporaneity of one 
part of the fossiliferous deposits and the lower part of the lower Kake- 
gawa series. According to Mr. T. Suzuki, the middle Pliocene beds oceupy 
small isolated patches along the coast of Aki-gun, Koti prefecure, with a 
slightiseaward dip; the strike turns from NE in the southern part to 
N 60° W or even to E-W in the northwestern. The younger Tertiary 
deposits are covered by horizontal gravel beds presumably of the Pleisto- 
cene age. Fig. 3 is a geological map, after T. Suzuki, showing the distribu- 
tion of the Pliocene and Pleistocene deposits in this area. 
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14) J Maxryama, op. cit., (1927), 21. 

15) K.Nakasma, Expl Text Geol. Map Japan, “ Shidzuoka ” sheet, 1:200.000, (1886) 

16) Y Currant, “The Tertiary in the Vicinity of Kakegawa and Sagara, Tétémi”, 
Journ. Geogr., 38 (1926), 84-89, (in Japanese). . 

17) J. Maxryama, “On the Geology near Kakegawa, Shidzuoka Prefecture ”, Chikyiti, 
9, 1-2 (1928), (in Japanese). 
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knowledge on the subjects is essentially due to the works of the two 
authors. 

According to Dr. J. Makiyama,” the Mesozoic and Cainozoic forma- 
tions developed in the eastern part of Totomi are divisible into eight 
groups of Mikura (Cretaceous or Palaeogene), Oigawa (lower Miocene or 
older), Sagara (upper Miocene), Horinouchi (Horinouti) (transition), 
Kakegawa (lower Pliocene), Soga (upper Pliocene), Ogasa conglomerate 
(upper Pliocene), and Pleistocene gravel deposits. 

The Kakegawa series is a formation about 640 in. thick in its type 
locality treated by Dr. Makiyama, where it represents a complete cycle 
of sedimentation. Its stratigraphical relation to the underlying Soga is 
marked unconformity. The averaged dips of these strata are 10°-15° and 
the strike is usually about N 50° W. There are small dip- and strike- 
faults, and also very slight folding of strata. 

The area covered by the geological map of Japan in 1: 75.000, Sagara 
sheet (1927) by Mr. Y. Chitani™ includes the southern part of Makiyama’s 
field, and in the southern part of this sheet, the younger Tertiary strata 
have the dips 10~-30° SW and the strikes ranging from N 10° W to N-S. 
EF in Fig. 5 is a geologic profile, after Y. Chitani, at right angles to the 

main strikes of the younger Tertiary. 

4. The Asigara district adjoining to the north of voleano Hakone. 

A thick complex of sandstone and conglomerate occupies the area im- 
mediate north of volcano Hakone and between the Yamakita and Suruga 
station on the Tokaido railway line. Dr.'T. Hirabayashi who studied 
this formation in 1896 in connection of his geological research of the 
volcano Hakone, called it the Ashigara Tertiary (Asigara Tertiary) and 
some more detailed accounts of it was subsequently given by the late 
Tetsunosuke Kato’? in his paper “ Report of the geology of the vicinity 
of Yamakita” (in Japanese) published in the Bulletin of Imperial 
Geological Survey of Japan, No. 18, 1910. In 1926, Dr. M. Yokoyama” 
examined the fossil shells from this formation and expressed that the 


18) J. MaxryaMA, op. cit., (1927), 5. 

19) Y. Currant, Expl. Text Geol. Map Japan, “Sagara” sheet, 1:75.000, (1927). 

20) T. Hrrapayasnr, “Geologic Report of Hakone and Atami”, Shinsai Yobé 
Chésakai Hékoku (Report of the Imperial Earthquake Investigation Counties in Japanese 
Language), 16 (1896). 

21) Tx. Karo, “The Geologic Report near Yamakita, Sagami Province”, Bull. Imp. 
Geol., Surv., Japan, 18 (1910). 

22) M. Yoxoyama, “ Neogene Shells from Kézuke and Other Provinces,” Jour, Fac. 
Sci. Imp Univ.,Tdkyé, Sect. II, 1, 7 (1926). 
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fauna, which is by no means rich in species, is certainly Pliocene in age. 
The “ Asigara Tertiary” or better Asigara beds turn the strike from 
EK-—W in the northeastern part of the field to N 10° E-10° W in the south- 
eastern part, the dip being almost always northwestern. Previous 
authors ascribed this deformation of strata to a tectonic disturbances of 
the late Pliocene. On the north this formation lies beneath the Miocene 


Tapler £1. 


} / a ; {2 Yozawa 
List of Fossils from the Asigara beds b. Yagurazawa 
‘ le. Yaga 
Acila mirabilis Adams et Reeve - +--+ +--+ +++? a b ro 
Yolara laschker? “Sunithy 9) Ss as ew ee c 
S” Yoldiaiewts ss sees one RO rset bay a a 
4. Glycymeris yessoensis (Sowerby)- - +--+ ++ se es b 
5. Ostrea gigas Thunberg - +++: ++ see eee ee eh a 
GA Poctark ape tical Pest Wha i orl) o>, he 5 1 ey ee eae b 
Ta LacuiteD mee Oe yi oe ew ew ale b 
8. Miltha (Lucinoma) annulata (Reeve) - +--+ ++» a b 
9. Diplodonta japonica? Pilsbry - +--+ -++-+++s- ¢ 
10. Cardium braunsi Tokunaga +--+ ++ +++ ++ ee ees b 
1}. \Cardumm (fulvia) sp. -- +--+ ee wt ee ee a 
MR HES eo 9 Ae al Sek a a b 
13. Macrocallista pacifica (Dillwyn) - +--+ +++ ses > a ¢ 
14. Chamaeformis meretriv Linné6 ----+-+++-+-+++-- b 
15. Dosinia japonica troscheli Lischke +--+ +++ +++: a b c 
16. Macoma nasuta (Conrad)+:- +--+: ++++-+.+.--. a 
17. Tellina aff. gratiosa (R6mer) - - +--+ ss eee ee a 
18. Tellina nitidula Dunker +--+ +--+ +++ ese eae a 
19. Solen krusensternii Schrenck- + +--+ + + + +s + ee a 
20. Mactra suleataria Reeve- - +--+ +--+ +s ee eee a 
21. Mya aff. japonica A. Adams- + +--+ ++ e+e ee a 
22. Panope japonica A. Adams +--+ +++ ++ +e ee ee a 
23. Turritellasp.- +++ --.- - Se ae! 1 wo Oh AN Beat ie a b 
24. Neritaeformis didyma (Bolten) +--+ ++ +++ ++ ees a 
25. Terebra bifronsSmith: - +--+ +++ +++ +s ee ee a 
26. Umbonium suchiense Yokoyama - ++ +++ ++ ++ - a 
27. Cancellaria spengleriana Dunker- +--+ +++ +++ : a 
28, Lingula hians Swainson +--+: -:- ae it suite pol oe = a 
29. Carpinus yedoensis? Maximoviczi -.- +--+ ++ +++. a 
SIM SOlin Gomwemeeet Meee edie. ees ee DTU a el: = 
31. Phyllitessp. - +++ +> bo A 8s Aabeen oh: a ech Nea A ted Sear a 
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Misaka series overthrusted from the north upon it. Simultaneous with and 
also after these movements basaltic andesites intruded into it as dykes or 
intrusive sheets. The area of the Asigara beds is bordered by Pleistocene 
voleanic deposits elsewhere than north. 

Fig. 4 is a geological map of the field now in question showing the 
structural relations of the Asigara beds to the other formations. 

In the last winter I had an opportunity to collect fossils in the 
Asigara beds and obtained the species listed above (Table I) some of whith 
are additional to Dr. M. Yokoyama’s* list. 

One of these species, Umboniwm suchiense Yokoyama, is a characteri- 
stic fossil of the lower part of the Lower Kakegawa series and is a lower 
Pliocene form in the evolutional series of its phyllum after Dr. J. 
Makiyama’s schenie.? 

Now in the Oiso block northeast of the voleano Hakone, the Takatori- 
yama conglomerates,” which are the eastern extension of the Asigara 
beds, are covered by the middle Pliocene Nisikoiso™ beds and the upper 
Phocene Ninomiya beds in clinounconformity. Consequently the process 
which disturbed the Asigara beds must be accepted as having been active 
in the latest stage of the lower Pliocene, and this is in strong contrast with 
what we find in the Neogene strata of the Outer Zone of Southwest Japan. 
5. The Nagano prefecture. 

Tertiary deposits in the northern part of the Fossa Magna in the Nagano 
prefecture have recently been studied by Mr. F. Homma” in some details ; 
his Sigarami and Ogawa beds too are regarded by Dr. M. Yokoyama™ to 
be lower Pliocene in age on the molluscan fauna they contain, and Dr. 
S. Tokunaga” described once a Cervus remain of an upper Miocene type 
derived from either of them, whereas Dr. J. Makiyama™ holds an eclectic 


23) M. Yokoyama, op. cit., (1926), 230. 

24) J. Maxryama, “ The Evolution of Umbonium”, Jap. Jour. Geol. Gleog., 3-4 (1924). 

25) Y. Oruxa, “A Stratigraphical Study of the Oiso Blocks and Its Adjacent Area,” 
Jour. Geol. Soc., Téky6, 36, 434 (1929). 

26) Y. Oruxa, “On the Oiso Bed,” Jour. Geol. Soc. Tdkyd, 33, 451 (1931), (in 
Japanese). : 

27) F. Homma, “Shinano Chfibu Chishitsushi (Geology of the Middle Part of Sinano 
Province),” (1931), (in Japanese). 

28 M. Yokoyama, “Tertiary Mollusca from Shinano and Echigo”. Jour. Fac. Soe. 
Imp. Univ., Téky6, Sect. II, 1, 1 (1925). 

29) S. Toxunaca, “A New Form of Cervus from the Tertiary of Shinano ”, Jour. Goel. 
Soc., Toky6, 33 (1926), 397-402, (in Japanese). 

30) J. Maxiyama, “Preliminary Report of Tertiary Fossils from Minauchi-géri, 
Shinano Province,” Chiky@, 8 (1927), 181-188, (in Japanese). 
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view slightly diverging from those of the two authors, refering one com- 
plex to the upper Miocene and the other to the lower Pliocene. 

According to Mr. Homma, these two complexes form an anticlinori- 
um, which is intruded by the pyroxene andesites, and the main folds are 
parallel to the trend of the Fossa Magna, which runs in N 30° W across 
the Honsyt. These folds are arranged in échelon along the eastern side 
of the Itoigawa-Siduoka line of Dr. H. Yabe,*? by which the southern 
ends of each fold are separated from the pre-Tertiary formation on the 
west of the tectonic line. In this part the Itoigawa-Siduoka line is a 
series of thrust faults. Fig. 5 CD is a geological profile, after Homma, of 
this district normal to the main trend. 


Mesozoic or older Miocene Lower Fliocene or older Basaltic Andesite 


Fig. 5. Geological Profiles at Right Angles to the Strikes of the Lower Pliocene 
Strata. a, through the Asigara beds (AB=N 40°W); b, through the Sigarami 
and Ogawa beds (after F. Homma) (CD = N 75°E); c¢, through the lower 
Kakegawa series (after Chitani and Makiyama) EF = N 65° W); d, through 
the Takanabe group (GH = N 70° W), f = faults. 
The results of the previous descriptions of the Pliocene deposits of 
the five districts may be summarized as follows :— 
1. Stratigraphically the Pliocene deposits of the five districts cited 
above are to be correlated as follows (Table I1). 
2. Inthe latest stage of lower Pliocene, crustal movements took place 
in Japan. In the Outer Zone of Southwest Japan, the lower Pliocene or 


31) H. Yasz, “Itoigawa-Siduoka Geotectonic Line”, Gendai no Kagaku, 6, 3 
(1918), (in Japanese) 
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Table II. 
: ey Locality ; if yr eR a tal a se 
Ge Arges. (1) Miyazaki (2) Koti |(3) Kakegawa) (4) Asigara | (5) Nagano 
Age = ace 


Upper Diluvium| Gravel beds | Gravel beds} Gravel beds Volcanic lava 


and ash 
; Ogasa ; 
Lower Diluvium  Nescatae conglomerate | Gravel beds 
J a ‘ (Ninomiya 
Upper Pliocene Soga beds beds) 


= rd Nisikoiso beds}————___ — 


. . of} a = 
2 fHekibeds| Suzuki's Kalooaws Sigarami 
ood ES : pes Kakegawa 
= 2} Kéonzi Pliocene Cia | beds 
LOW xe a5 ———— : — 
Lower Pliocene a2 beds Wibonuan | Asigara beds 
rq S0| Sadowara mysticum Ogawa beds 
“| : : gawa beds 
et beds Horinouti ie = 
Zone series ee 
| 
2 -| 3 
Miocene Tuma group | Misaka beds 


Sagara beds | 


Pliocene strata are usually monoclinal in low angles either to southwest, 
or to south with a few exception of other small displacements, while the 
contemporaneous deposits in the Fossa Magna form a complex anticlino- 
rium, each pericline with the trend parallel to that of the Fossa Magna. 
There are many thrust- and normal-faults in association of these folds, 
and volcanism was often active. 

3. The structural lines of the lower Pliocene deposits do not conform 
with the general trend of the Honsyt are or with the main structural 
lines of the Outer Zone of Southwest Japan, but with the trend of contour 
lines of a summit levelin the Outer Zone of Southwest Japan. Fig. 6 isa 
map showing the conformity of the structural lines of the lower Pliocene 
strata and the trend of contour lines of the sumunit-level. 

4. Fig. 7 is a schematic profile from Siduoka through the Tosa bay 
to Miyazaki along the line LM in fig. 6. That is parallel to the main 
structural trend of the Outer Zone of Southwest Japan. It shows us that 
the inclination of the bedding plane of the Pliocene strata is steeper than 
that of the surface of the summit-level dipping to the same direction ; and 
suggests that an extensive crustal movement in the form of broad swells 
took place in the Outer Zone of Southwest Japan along the lines rather 
parallel to the Ryakyd are than to the Honsyti are 

5. Comparing the thickness and rock facies of these lower Pliocene 
strata, the Fossa Magna may be regarded as a geosynclinal trough of 
the geological period. 
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AN General dip of the lower Pliocene strata ~~" -~-—~- —_ Surface of the summitievel (fig. 6 ) 
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Fig. 7. Profile along L | in Fig. 6. Vertical scale x 5 
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25. Petrographic Notes on the Sedimentary Rocks of 
Southwest Sagami Province. (Part II) 


3y Hiromichi TSUYA, 
Earthquake Research Institute. 


(Read Jan. 20, 1981.—Received June BO 1950. ) 


Introduction. 


In a previous paper” the writer gave results of his petrographic study 
of the sedimentary rocks of Enosima”, and showed that, petrographically, 
the rocks there have certain distinguishing characters according to their 
respective stratigraphic horizons. 

This is a continuation of that paper and gives results of petrographic 
studies of the rocks of Oiso”, a district adjoining the northeast foot of 
volcano Hakoné®, in Idu. The rock-specimens examined were not 
sufficient for the purpose of this study, so that publication of full results 
will have to be deferred to a later opportunity. Many of the rock-speci- 
mens were supplied by Y. Otuka®, who is studying the geology of the 
district from the stratigraphic side, and to whom the writer tenders his 
sincere thanks. 


Stratigraphic Succession of the Beds of Oiso District. 


Stratigraphic studies of the district have been made by several 
geologists. It being however outside the scope of this paper, the reader 
is referred to Otuka’s paper, for a summary of it, in which a bibliography 
of earlier literature on the subject will also be found. Recently, Y. Otuka? 


1) H. Tsuya, “ Petrographic Notes on the Sedimentary Rocks of Southwest Sagami 
Province, (Part I.),” Bull. Earthg. Rvs. Inst., 9 (1931 ), 98-106. 

2) Ws 

3) Aw ° 

4) Aye 

5). Y. Orcca, “A Stratigraphical Study of the Oiso Block and Its Adjacent Area, ” 
Jour. Geol. Soc., ToKY6, 36 (1929), 435-455; 479-497, (in Japanese). 

6) Y. OruKa, loc. cit. 

7) Y. Oruxa, “On Ojiso sed,” Jour. Geol. Soc., Tdkyd, 38 (1931 ), 174-187, 

(in Japanese). 
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made a revision of the stratigraphy of the district. According to his 
revised summary, the stratigraphic succession is as shown in Table I, 
and the distribution of the successive beds as shown in Fig. I. 


Table I. 


Geol. Periods 


Beds 


Rock types 


2 — Dune-sands; fluviatile deposits of sands, 
_ a 
2 gravels, and clay. 
5 7 
2 ey. . 
a ay Simohara® bed Fossiliferous deposits of sands and gravels. 
dur Terrace bed Gravels. 
rs a Loam bed Volcanic ashes ? and lapilli. Andesitic 
© ur Area ; nia ; 
5 Takao” bed pumices and andesitic tuffs. 
2 
3 di Kuroiwal bed Andesite-gravels, and others. 
a 
oh Tutizawa! bed Fossiliferous sands and clay; dacitic tufts. 
— p-d ——| Ninomiya! bed Fossiliferous, tufaceous san s.  * 
| — 
= | 
a ou yes : » “V2 
y bea Nisikoiso™ bed Fossiliferous conglomerate. 
2) 
_— | 
a | 
| . . 
: < - * anc vo 
pl ITakatoriyama™ bed Andesite-gravels; andesite agglomerates 
and lavas. 
Lees + 
Lv | 
5 mu sds 
2 On Fossiliferous, tufaceous sandstone and 
2 | iso bed 
< | conglomerate. 
es il 
qo 
- 5 Dacite-dikes and lavas; dacitic tufis 
is Komayama? bed es ? : 
S Somayama™ bed | giticeous sandstone. 


Volcanic History as inferred from Petrographic Studies. 


As shown in Table I, the general geologic succession of the district 
consists of an alternation of pyroclastic rocks and sedimentary rocks 
containing much voleanic material. These rocks belong to their res- 
pective stratigraphic divisions, the lowest one of which dates back to the 
lower Miocene or probably an older period. If they contain juvenile 


8) Fit 9) fale 
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Fig. 1. Geologic map of the Oiso district. (after Y. Otuka, 
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volcanic material that were ejected from volcanoes during their respective 
geologic periods, then the volcanic history of the district since the lower 
Miocene or even of a still older period can be inferred from a petrographic 
study of these material. 

Many of the pyroclastic rocks are of subaqueous deposition, as indi- 
cated by occasional occurrences of ‘marine and fresh-water fossils. In 
these rocks, therefore, occur detritus, either volcanic or non-volcanic ; 
but they all consist of practically the same volcanic material, possessing 
certain distinguishing characters as petrographic studies will reveal. 
These rocks are 

du, Andesitic tuffs and 


andesitic pumices .. . . . Takao bed. 
pl. Andesitic agglomerate ... . . Takatoriyama bed. 
o? Dacitic tatise,. ... 2-2 2 eo -s Komayemiesncas 


In addition to these, dacite and andesite occur as lavas, respec- 
tively, in the Takatoriyama bed and the Komayama bed. Consequently, 
there is little question that these rocks represent the volcanic activities 
of their respective geologic periods. 

The ordinary sedimentary rocks of the district contain sundry 
voleanic material in various proportions. They are 


dl. Andesite gravels ... .. . « Kuroiwa bed. 
dl, Tufaceous sands and clay . . . Tutizawa bed. 
p-d. Tufaceous shale. . . ... . . . Ninomiya bed. 
pu. Conglomerate... -.. . . . Nisikoiso bed. 


mu.| Tufaceous sandstone and 
a tufaceous conglomerate .. . Oiso bed. 
o?. Siliceous sandstone 

Although some explosive volcanic material, either juvenile or 
accessory, may occur, most of the volcanic material in these rocks are 
regarded as detritus arising from the weathering, disintegration, and 
transport of pre-existing volcanic masses. Until some of the volcanic 
material are proved to have been of juvenile origin at the time of their 
respective depositions, these rocks have no bearing on the present dis- 
cussion. To determine what is juvenile and what is accessory or detri- 
tal in the voleanic material contained in such rocks is generally not an 
easy matter. 

The gravels of the Kuroiwa bed contain much angular blocks of 
porous olivine-augite-andesite which, according to Y. Otuka™, are sugges- 


16) Y. Orvuxa, loc. cit., 480. 
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tive of eruption at the time of their deposition. The tufaceous sands and 
clay of the Tutizawa bed are mixed with much pumice. These deposits 
pass upward into a finely stratified bed consisting entirely of pumice. 
Occasionally, the pumice exhibits oxidation effects, as was observed in 
juvenile pumiceous ejecta at the time of the eruption in 1929 of Komaga- 
také (Hokkaido™). These effects might be due to high temperatures that 
were maintained at the time of ejection for periods sufficiently long to 
bring about oxidation. These facts suggest juvenile origin for the 
pumice. But with the exceptions of the Kuroiwa bed and the Tutizawa 
bed, evidence in the district of juvenile origin for some of the volcanic 
constituents of the above-mentioned sedimentary rocks is entirely want- 
ing. In the circumstances, voleanic history of the district can be in- 
ferred only partially from petrographic study. The history as far as can 
be traced is as follows: 

Of beginning of volcanic activity during the Tertiary in the neigh- 
bouring district of Idu no trace is found in the Oiso district ; nor is there 
any certainty that the volcanic material (Hypersthene-augite-andesine- 
andesite, see p. 363) in the siliceous sandstone (0? in Table I) marks the 
oldest volcanic activity in the Oiso district. 

From all reliable data obtainable, volcanic activity begun before the 
Miocene, with eruptions of dacitic lavas and_tuffs (Komayama bed, 0? 
in Table I) which were followed by intrusions of dacite-dikes. From 
their calcareous nature, the dacitic tuffs seem, locally at any rate, of 
submarine deposition. The micro-cataclastic structure exhibited in the 
tuffs may be the result of later disturbances, which, according to Y. 
Otuka, threw the tuffs into complicated structures with numerous fault 
systems. This was followed by renewed outpourings of lava and agelo- 
merate, but this time of more basic type, such as the two-pyroxene- 
bytownite-andesite (see p. 367) of the Takatoriyama bed (pl in Table I). 
The volcanic material in the Oiso bed (ml-mu in Table I) and Nisikoiso 
bed (pm-pu in Table I) are, petrographically, of the same general type as 
those in the Takatoriyama bed (see pp. 367-368). Furthermore, the 
volcanic constituents of the Ninomiya bed (p-d in Table I) are indistin- 
guishable from those of beds previously mentioned (see p. 369). If there- 
fore some of the volcanic material in these three beds—the Oiso, 
the Nisikoiso, and the Ninomiya beds—were of juvenile origin at the 


17) S. Tsugor and H. Tsvya, “On the Temperature of the Pumiceous Ejecta of 
Komagataké, Hokkaid6, as inferred from their Mode of Oxidation,” Bull. Earthq. Res. 
Inst., 7 (1930), 271-273. 
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time of their respective depositions, it may be said that volcanic activity 
of the same general type as that represented by the pyroxene-andesite 
in the Takatoriyama bed occurred during the periods between the lower 
Miocene and the lowest Pleistocene. 

After the formation of the Ninomiya bed there was a reversion in 
the eruptions to rocks of more acidic character (‘Tutizawa bed, dl, in 
Table I). This is seen in the dacitic tuff which consists of quartz, 
hornblende, hypersthene, augite, and labradorite, together with pumice 
and obsidian (see p. 369 . 

Basic andesites characterized again the subsequent volcanic activi- 
ties as is seen by the fresh blocks of olivine-augite-anorthite-andesite (see 
p- 370) in the Kuroiwa bed (dl, in Table I) and also by the pumice of 
both hypersthene-augite-bytownite-andesite and hypersthene-augite-labra- 
dorite-andesite (see p. 371) in the Takao bed (du, in Table I). 

The last volcanic activity traceable in rocks of the district seems to 
be represented by the scoriaceous lapilli of augite-bytownite-andesite 
(?, see p. 372) in the so-called loam bed. 


Comparison of Rocks of the Oiso District with Similar 
Rocks of the Adjoining District. 


Of centres of the above-mentioned volcanic activities, and which 
supplied the pyroclastic material now found in the rocks of Oiso district, 
there is no trace there today. These centres may however be located in 
the adjoining districts where volcanic rocks occur. They are Asigara™ 
on the northwest and Idu™ on the southwest. The rocks of these two 
districts are of the same general type, but naturally differ in detail. It is 
believed that careful comparison of the rocks of Oiso district with those 
of neighbouring districts may throw some light on their genetical relation- 
ship. For this purpose, farther detailed studies of rocks of neighbouring 
districts are desirable. The following comparison is only tentative. 


1. Siliceous sandstone (0? in Table I) and tufaceous sandstone 
in the lower Miura series of Enosima. 


The former is similar in mineral composition to the latter, both 
being composed of quartz, orthoclase, andesine (AbgAng), hornblende, 


18) Jet 
19) FE 
20) H. Tsuyva, loc. cit., 99. 
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and augite, together with microscopic fragments of pyroxene-andesite 
(see p. 363). The main difference is that the former is siliceous with much 
quartz fragments while the latter is tufaceous with much andesite frag- 
ments. Although their stratigraphic relation is yet uncertain, they are 
considered to be older than lower Miocene. 


2. Dacite of the Komayama bed (o? in Table I) 
and dacitie rocks” of Idu district. 


The acidic rock that occurs as dikes intruding into the dacitic tuffs 
of the Komayama bed is hypersthene-hornblende-labradorite-dacite (see 
p- 364). In the Idu district liparitic and dacitic rocks occur in following 
sequences : 

Idu Peninsula”), 

Potash-liparite—+ biotite-plagioliparite—~> hornblende- 
dacite——> augite-hornblende-dacite—+> hypersthene- 
hornblende-dacite—+two-pyroxene-dacite. 

Niizima”” group of the Seven Idu Islands”, 

Potash-liparite—> pyroxene-plagioliparite—+> hornblende- 
plagioliparite --> biotite-plagioliparite. 

In Table IL is shown a comparison of the refractive indices of the 


Table II. 
Plagioclase Hornblende (nip) Augite Hypersthene (nip) 
iT Abas Angs 1:6721 n.d. 1-6991 
II Abg2 Anzg 1-6748 — _ 
soo8 Absgs An45 1-5783 n.d. — 
IV Abg2Angg 1-6915 — n.d. 
EV: Abg:Ansg _ Tas 1-6997 


I. Hypersthene-hornblende-labradorite-dacite, Oiso. 
I. Hornblende-andesine-dacite, Takaneyama, Simoda, Idu2) 
Jil. Augite-hornblende-andesine-dacite, Warabo, Idu2, 
IV. Hypersthene-hornblende-andesine-dacite, Taga, Idu2”. 
V. Augite-hypersthene-andesine-dacite, Kasiwatégé, Itd, Idu’®. 


21) H. Tsvya, “ Voleanoes of Kézu-shima,” Bull. Earthq. Res. Inst., 7 (1929), 318-339. 
22) FECES 23) Br 24) FER 
25) (ROP eR 26) {RAR 27) FEAR 28) FRE RCA Ie 
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constituent minerals in some dacitic rocks of Idu district and the dacite 
of the Komayama bed. The principal difference between the dacite of 
the Komayama bed and the similar rocks of the Idu district is in the 
more caleic composition of the plagioclase phenocrysts of the former and 
in the lower refractive indices of the phenocrystic mafic minerals of the 
former. . 

Stratigraphically, the liparitic or dacitic rocks of the Idu district, in 
view of their geologic ages, may be left out of consideration. As far as 
the writer knows, they are believed to be younger than lower Miocene, 
whereas, according to Y. Otuka, the dacite and dacitic tuffs of the Koma- 
yama bed are of lower Miocene or probably an older period. But, voleano- 
tectonically, the N.E.-S.W. trend of distribution of the liparitic and dacitic 
rocks of the Idu district is very significant in connection with the same 
trend noticeable in the strike, the fault systems, and in the dacite-dikes 
in the Komayama bed. Probably, this trend is a surface manifestation of 
the regional structure of the ground, and the cause of the eruption here 
of liparitic and dacitic rocks throughout recent geologic time. 


3. Andesitic material in the rocks of Oiso district and similar 
material in the rocks of the neighbouring districts. 


Petrographically, the andesitic material of the Oiso bed, the Taka- 
toriyama bed, the Nisikoiso bed, and of the Ninomiya bed are of the 
same general type as the constituents of the agglomerate-tuff of the upper 
Miura series of Enosima. The former is also of the same general type 
as the andesitic material of the Asigara bed of Asigara district. But of 
stratigraphic relations between them, petrographic study has not yielded 
so far any evidence. The andesitic material of the Kuroiwa bed and of 
the Takao bed are similar to the basaltic andesite of the volcanoes, 
Hakoné, Amagi™®, etc., of the Idu district. Probably, the depositions 
of the former and the eruptions of the latter took place at the same 
general time, in middle and upper Pleistocene, when the nature of the 


magma regionally became strongly basic”. 


4. Dacitic tuff of the Tutizawa bed (dl; in Table 1) and similar 
rock of the Simo-Tanna®™ bed of Idw district. 
The occurrence of dacitic material (see p. 869) in the Tutizawa bed 
calls for a discussion of their possible relation to similar material in the 
29) Kak 


30) S. Tsusor, “ Voleano 0-shima, Izu,” Jour. Col., Tokyo Imp. Univ., 43 (1920), 139. 
31) “PFE 
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Simo-Tanna bed of northern Idu. The Simo-Tanna bed develops at the 
western margin (Simo-Tanna) of the Tanna basin*, under which the so- 
called Tanna tunnel is now being excavated. It consists of sandy tuff, 
tufaceous shale, and black clay. The sandy tuff contains many fragments 
of hornblende-pyroxene-dacite, as well as of pyroxene-andesite. The 
dacite is pumiceous and is similar in the refractive indices of the con- 
stituent minerals to the dacitic material in the tuff of the Tutizawa bed, as 
shown in Table III. 


Table III. 
Glass (np) | Quartz| Plagioclase | Hornblende | Augite (nip) er 
I | 15083 - Ay AE aed ed 16930 1-7040 
SEAT ' nyp 1-6617 “RQ! : 
II 1-5075 + Abi An57 nap 16787 1-6930 1-7040 


I. Dacitic tuff, Tutizawa bed, Oiso. 

IJ. Dacite pumice, Simo-Tanna bed, Idu. 

Evidences of fresh-water deposition are found both in the Tutizawa 
bed and in the Simo-Tanna bed. The Tutizawa bed contains ‘“ Corbicula 
nipponensis Prim.” and “ Juglans sieboldiana Max.” It contains also 
brown coal containing plant fossils. The black clay in the Simo-Tanna 
bed contains plant fossils. - 

The Tutizawa bed was subjected to a crustal movement with con- 
siderable tilting and minor faulting. It is overlain by the Takao bed 
which practically consists of angular blocks of olivine-pyroxene-andesite. 
The Simo-Tanna bed was disturbed by faulting, tilting, and flexuring. 
It is covered with lavas and fragmentals of olivine-pyroxene-andesite. 

The above-mentioned similarities, petrological, palaeontological, and 
structural, suggest that the Tutizawa bed and the Simo-Tanna bed are of 
the same age. If these beds are entirely of detrital origin, it would then 
be a rare coincidence that they are similar to each other in mineral com- 
position. But they contain dacitic pumice which suggests juvenile ejecta 
(see p. 370), besides many isolated crystals similar to those in the pumice. 
Therefore, it would seem far more reasonable to conclude that both of 
them had received their share of dacitic juvenile ejecta at the same time 
from a certain volcanic centre that happened to be active at the time of 


32) FYE 
33) Y. Oruxa, loc. cit., 455-456. 
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their deposition in the Pleistocene period. It is to be noted that dacitic 
voleanism displayed activity in the northern Idu in the Pleistocene 
period. 


5. The so-called loam of Orso district and similar 
rocks vn other localities. 


The material composing the so-called loam bed of the Oiso district 
is almost destitute of microscopically determinable minerals except 
plagioclase and augite, which are very rarely found in the scoriaceous 
lapilli layers in the loam bed. The writer in his previous paper™ sugges- 
ted that the material composing the loam bed of Enosima may be of 
detrital origin. These beds are distributed widely in the Kwanto district, 
and are included -stratigraphically in the name “‘ Kwanto Loam”. Petro- 
graphically, they show much variation, laterally as well as vertically. In 
Table IV. are shown the results of optical analyses of the minerals found 
in some specimens of this loam. 


Table IV. 
Orthoclase Plagioclase Augite (nip) | Hypersthene (nip) 
| 

I —s Ab j3Ang7z 1-6922 — 

Ot od Abs Anz 1-6920 _ 
WI Carel Abs Angs == _ 
IV + = ~ 1.6970 1-6899 

V 7 Ab7gAng2 1-6937 — 
VI _ Abs5Angs | 1-6925 1-6940 


I. Isolated crystals in lapilli in loam bed, Sibusawa®, Oiso. 
II. Isolated crystals in the upper horizon of the loam bed, Enosima. 
II. Isolated crystals in the lower horizon of the loam bed, Enosima. 
IV. Isolated crystals in the lower part of the middle horizon of the loam bed, 
Masukatayama, Noborito?®, 
V. Isolated crystals in the upper part of the middle horizon of the loam bed, Ibid. 
VI. Isolated crystals in the loam bed, Ikégayato, about 5 km. southeast of Hatiézi3. 


34) H. Tsuya, loc. ci’. 
35) Ti 36) SAPHEW 37) WBA, AEF. 
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Petrographic Descriptions of the Rocks of Oiso District. 


The petrographic descriptions of typical rocks of the Oiso district are 
given in the following order: 
I. Siliceous sandstone (0? in Table I.) 
Ii} ae) Dacitie: tuits 
b. Dacite (Komayama, bed.) 
III. Tufaceous sandstone (Oiso bed.) 
IV. Pyroxene-andesite (Takatoriyama bed.) 
V. Conglomerate (Nisikoiso bed.) 
VI. Tufaceous shale (Ninomiya bed.) 
VIL. Dacitic tuff (Tutizawa bed.) 
VIII. Olivine-augite-andesite (Kuroiwa bed.) 
IX. Two-pyroxene-andesite (Takao bed.) 
X. Loam (Loam bed.) 


I. Siliceous sandstone (0? in Table I.) (Fig. 2.) 


This rock occurs at Takatoriyama, about 1 km. northeast of Oiso 
railway station on the Tokaido line, forming the foundation of the Taka- 
toriyama bed. It occurs with siliceous shale. 

Megascopic Characters—The rock is light gray to green, medium- 
grained, and is compact. Visible in it are crystals, 1-0-1-5 mm. in dia- 
meter, of quartz, felspar, hornblende, and pyroxene. . 

Microscopic Characters.—This rock is composed of quartz, plagioclase, 
orthoclase, hornblende, hypersthene, augite, and magnetite, together 
with a few fragments of augite-andesite. Although these constituents are 
commonly angular to subangular, they are sometimes well rounded. 

The quartz, 0-1-1-0 mm. in diameter, is not cracked, but is pure and 
free from any notable inclusions. 

The plagioclase, 0-1-1-5mm. in diameter, exhibits the simple and 
polysynthetic twinnings according to the Carlsbad and albite laws. The 
extinction angle is Y (\ (010)=20° and the optic character of the mineral 
positive. The plagioclase was identified as andesine near AbgANy. The 
mineral contains a few particles of dark brown glass. 

The hornblende, 0-1-0-2mm. in length, is moderately pleochroie. 
Its axial colors are X’—light yellowish green, Y’ —deep brownish green, 
Z’—green. ¢/\Z’ (on 110) =14°.. The maximum extinction angle 
measured is 17°. The refractive indices measured with the cleavage flakes 
are Nip=1-6635, n.p»=1-6767. . 
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The hypersthene, 0-1-0-5 mm. in length, shows alteration along its 
cleavage lines. The augite, less than 0-1 mm. in diameter, is negligible 
in quantity. 

The fragments of augite-andesite, 0-3-0-5 mm. in diameter, contain a 
few plagioclase phenocrysts scattered through the groundmass which 
consists of plagioclase, augite, magnetite, and a brown glass base. 

Another sample of 
the siliceous sandstone is 
free from isolated crystals 
of hornblende and hypers- 
thene, but it contains 
abundant rock-fragments, 
chief among which are 
vitreous andesite, silicified 
rock,and quartz-orthoclase- 
oligoclase-hornblende-rock. 


II. Dacitic tuffs and 


Dacite (Komayama bed.) Fig. 2. Microphotograph of siliceous sandstone. 
cose They ’  ¥ 30. p-—andesine, ho—hornblende, hy—hypers- 
(Figs. 3 and 4.) thene, a—augite, q—quartz. 


a. Dacitictuffs. This rock occurs as disturbed strata at Komayama 
and its environs near Oiso, and occurs with siliceous shale and breccia. 

Megascopic Characters—The dacitic tuffs are white. Angular frag- 
ments of plagioclase, quartz, and pyroxene are scattered through the 
white matrix. 

Microscopic Characters.—There are two types of dacitic tuffs, the 
a-type and /-type. 

a-type. Dacitic tuff of this type consists of plagioclase, quartz, hy- 
persthene, augite, and colorless splinters of glass. The minerals are 
0-1-1-0 mm. in diameter, quartz being the most abundant. 

The plagioclase is twinned according to the albite laws. Zoning 
of less and more calcic plagioclases is absent. The refractive indices are 
Nip=1-5573, top=1-5644. Accordingly, the mineral was identified as 
labradorite Ab,An;;. It contains minute inclusions of brown glass. 

The hypersthene is moderately pleochroic. Its axial colors are xX— 
yellowish green, Y—brownish green, Z—green. Optical. plane parallel 
to the c-axis: the refractive index njp=1-7152. The augite is hght green. 
It is subordinate in amount. 
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The groundmass con- 
sists of angular splinters, 
0-1-0-3 1mm. in diameter, 
of pumiceous glass, perlitic 
glass, and light brownish 
obsidian. The refractive 
index of the pumiceous 
glass is Nyp=1-5070. 

B-type.  Dacitic tuff 
of this type consists of 
quartz, plagioclase, hyper- 
sthene, augite, and biotite, 


together with splinters of rn eee 
Fig. 8. Microphotograph of dacitic tuff (a@-type). 
glass and a few fragments x32. p—labvadorite, q—quartz, hy—hypersthene, 
of hypersthene-andesite. g—elass. 

These constituents are 

crushed into angular pieces and their interstices filled with calcite. 

The plagioclase shows faint zoning of less and more calcic plagio- 
clases. It is twinned according to the albite and Carlsbad laws. The 
optical character of the mineral is positive. It was identified as bytownite 
AbssAnz5, with typ =1-5675. Small particles of brown glass are included 
in the mineral. 

The hypersthene is pleochroic. Its axial colors are X—brownish 
green, Y—brownish green, Z—green. Optical plane parallel to the 
c-axis: the refractive index n,p=—1-6998. The augite occurs in sub- 
ordinate amount as fragments of about 0-5mm. in diameter, with refractive 
index nyp=1-6928. 

The biotite occurs in negligible amount as distorted flakes of about 
0-5mm. in length. 

The glass splinters are obsidian with np=1-4980. They are light 
brownish and contain microlites. The hypersthene-andesite, which 
occurs sporadically as angular fragments, 1-0-1-5mm. in diameter, is 
porphyritic with phenocrysts of plagioclase and hypersthene scattered 
through a glassy groundmass. 

b. Dacite. This rock occurs as dikes intruding into the Koma- 
yama bed. 

Megascopic Characters—The rock is white, medium-grained, and is 
fragile. It is pererystalline and is porphyritic with phenocrysts of 
quartz, plagioclase, hornblende, and hypersthene 
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Microscopic Characters—The rock is sempatic to dosemic, and is 
composed of closely packed phenocrysts of quartz, plagioclase, horn- 
blende, augite, and hypersthene, together with magnetite grains and 
interstitial glass base. 

The plagioclase phenocryst, 0-5 mm. in diameter, is twinned accord- 
ing to the albite and Carlsbad laws. Zonal structure due to the chemical 
difference is exhibited. Recurrent zoning is often noticed. The less 
calcic shell part of the zonally built phenocryst was identified as labrado- 
rite Ab,An,;, with the following optical properties: nyp=1-5569, nep= 
1-5620. Extinction angle on section perpendicular to X is Y /\(010)=28". 
The optical character is positive. The more calcic plagioclase (bytownite) 
forms the core part of the plagioclase phenocryst. Small enclosures of 
brown glass are arranged in zones parallel to the outline of the host 
mineral. The quartz, 0-3- 
0-6mm. in diameter, is 
irregularly cracked, and 
has irregular outline either 
with rounded corner or 
with sharp edge. Rarely, 
the bipyramidal form of 
the mineral is incomplete- 
ly developed. The mineral 
is almost free from inclu- 
sions except sporadic en- 


closures of a deep brown 
Opaque mass. Fig. 4. Microphotograph of dacite. x30. 


Me horn blenders p—labradorite, q—quartz, ho—hornblende, 
: hy—hypersthene. 


10mm. in diameter, is 
euhedral to subhedral, but is frequently split along the prismatic cleavage 
lines. Lamellar twinning is often exhibited. The mineral shows a 
distinct pleochroism with the axial colors X’/—pale greenish brown, Y’/— 
green, Z/—dark green. Absorption X’<Y’<Z’: maximum extinction 
angle measured in thin section ¢ /\ Z/=24° refractive indices nip =1-6587, 
n:p=1-6721. The mineral contains inclusions of plagioclase. 

The hypersthene, 0-1-1-0mm. in length, occur as stout prisms, 
euhedral to subhedral, and shows distinct cleavage lines. Optical plane 
is parallel to the c-axis. The mineral is pale brown with faint pleo- 
chroism X—pale brown, Y—pale yellowish brown, Z—pale green. ‘The 
refractive index nip=1-6991. Enclosures are plagioclase prismoids and 
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colorless glass. The augite, 0-1-0-5mm. in diameter, is negligible in 
amount. 

The groundmass is colorless glass in which are disseminated 
magnetite grains and plagioclase microlites. Angular fragments (1-0 mm. 
in diameter) of a microgranular rock and composed practically of quartz, 
albite, and chlorite are found though rarely. 


Ill. Tufaceous sandstone (Oiso bed.) (Fig. 5.) 


This rock occurs at Sigitatusawa*? and Terugasaki® near Oiso as 
alternating layers of fine and coarse sands. 

Megascopic Characters.—The rock is light gray and compact. It is 
porphyritic with pumiceous fragments (1-J-10mm. in diameter) of 
pyroxene-andesite scattered through the tufaceous matrix in which are 
found plagioclase and pyroxene. 

Microscopic Characters.— The rock is characterized by its numerous 
angular constituents, of 
which the following are 
noted : 

Isolated crystals, 

Plagioclase (bytow- 
nite), augite (¢/\Z=45’), 
hypersthene, hornblende, 
and quartz. 

Rock-fragmeunts, 

Pumiceous two-pyro- 
xene-andesite with pheno- 
erysts of plagioclase (Ab; 
Any) augite (11p=1-6940), 
and hypersthene. Seoria- Fig. 5. Microphotograph of tufaceous 


sandstone. x28. p—bytownite, q— 
quartz, ho—hornblende, a—augite, 


ceous pyroxene-andesite. 


Microgranular quartz-rock. hy ny porstene. 


Pumice glass. 


IV. Pyroxene-andesite (Takatoriyama bed.) (Fig. 6.) 


This rock occurs as blocks in the Takatoriyama gravel-bed which 
passes laterally into agglomerate and downwards into lava of the pyroxene- 


38) Weare 39) Ha > Ie 
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andesite. It is exposed only in the southern part of the district at 
Takatoriyama and southwards. At Takatoriyama it rests on siliceous 
sandstone, the oldest bed (0? in Table I) of the district. 

Megascopie Characters.—This rock is dark gray, and is free from 
phenocrysts except plagioclase, which however is very rarely found. 

Microscopie  Charac- 
ters. —Plagioclase occurs 
as phenocrysts scattered 
through the groundmass. 
The plagioclase pheno- 
eryst, 0-1-0-3 mm. in dia- 
meter, is twinned accord- 
ing to the albite and 
Carlsbad laws. Very faint 
zoning of less and more 
caleic plagioclases is ex- 
hibited. . The mineral was 
identified as bytownite Fig. 6. Microphotograph of pyroxene- 
Ab,Ang. with mp=1-5710 ee 

Z p—bytownite. 
ATIC? yyy - OVD: 

The groundmass consists of plagioclase laths (0-1-0-3 mm. in length), 
augite prismoids (0-01 mm. in length), magnetite grains, and a brown 
glass base. The refractive index of the glass is a little higher than 
1.5276. 


V. Conglomerate (Nisikoiso bed.) 


This rock occurs as a basal gravel-bed, resting unconformably on 
the Oiso bed. As far as is visible, this rock exists only in a small area 
lying to the west of Nisikoiso. 

Megascopic Characters.—The rock consists of round blocks or pebbles 
of various other rocks, loosely cemented with sands and calcareous mate- 
rial containing foraminifera and shell fossils. 

Microscopic Characters.—The sandy part of the conglomerate is com- 
posed of the following material : | 

Isolated crystals, 
Plagioclase (Ab,sAnz5), augite (ny)p=1-6930-1-6945), hypersthene 

and quartz. 

Rock-fragments, 
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Pumiceous hypersthene-andesite with phenocrysts of plagioclase 
(Ab,Ang,) and hypersthene (nyp=1-7053). Scoriaceous augite- 


andesite. 


VI. Tufaceous shale (Ninomiya bed.) (Fig. 7.) 


This rock occupies the greater part of the Ninomiya bed and is 
distributed in Azumamura!” adjoining Ninomiya and westwards. 
Megascopic Characters—The rock is light gray, fine-grained to me- 
dium-grained, and is compact. A sandy part of this rock consists of 
plagioclase and pyroxene, together with rock-fragments, angular and 
round, besides a fine tufaceous matrix. 
Microscopic Characters.—The rock 1s composed of the following ma- 
terial : 
Isolated crystals, 
Plagioclase (Ab,;A1%55) 
and augite (nyp= 1-6948). 
Rock-fragments, 
Augite-andesite with 
phenocrysts of plagioclase 
(AbyAng) and augite. 
Scoraceous hypersthene- 
andesite with phenocrysts 
of plagioclase (Ab;An;;) 
and hypersthene. Brown 


glass pieces. Fig. 7. Microphotograph of tufaceous shale. 
x26. p—bytownite. hy—hypersthene in a 
scoriaceous fragment of hypersthene-andesite. 


VII. Dacitic tuff (Tutizawa bed.) (Fig. 8.) 


This rock occurs as sandy and clayey beds at Tutizawa, where it is 
associated with brown coal. The sandy part of the tuff passes laterally 
into tufaceous clay containing fossils of “ Corbicula nipponensis Prim.” 
and “Juglans sieboldiana Max.” In a little higher horizon than the 
beds of sandy tuffand tufaceous clay there occurs a finely stratified bed 
of pumice which is also found abundantly in the lower tuff. 


40) Bey 
41) Y. Oruka, loc. cit., 455-456. 
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Megascopic Characters.—It is light yellowish gray, fine-grained to 
coarse-sandy, and is moderately congealed. In its sandy part are found 
crystals, usually less than 1mm. in diameter, of plagioclase, horn- 
blende, and pyroxene, together with pumice-fragments up to 25cm. in 
diameter. 
Microscopic Characters—The rock contains much pumice. The 
pumice hold a few phenocrysts of plagioclase, hornblende, hypersthene, 
and augite. The plagioclase phenocryst, 0-4-1:0 mm. in diameter, is 
euhedral, and is twinned according to the albite and Carlsbad laws. 
Zonal structure due to the chemical difference is exhibited. The less 
calcic shell part of the 
mineral was identified as 
labradorite (Ab,;An,;), and 
the more calcic core part 
as bytownite (Ab,,An,,). 
The hypersthene, 0-1-0-2 
min. in length, is very 
weakly pleochroic with its 
optical plane often normal 
to the c-axis. Augite and 
hornblende occur as very 
minute _ crystals. The 
groundmass of the pumice 


Fig. 8. Microphotograph of dacitic tuff. x 24, 
is colorless glass with q—quartz, p—labradorite, a—augite, g—pumice. 


refractive index np=1-5083. 
In addition to the pumice, the tuff contains angular fragments of pyroxene- 
andesite. 

Isolated crystals contained in the tuff are plagioclase (AbsAng- 
AbgAnss), hornblende (njyp=1-6617, n,5=1-6737), hypersthene (njp= 
1-7045), augite (np =1-6930), and quartz (bipyramidal form). 


VU. Olivine-augite-andesite (Kuroiwa bed.) (Fig. 9.) 


This rock occurs in the vicinity of Kuroiwa as the main constituent 
of the Kuroiwa gravel-bed. 

Megascopic Characters.-—The rock is dark gray, and is very 
porous. It is porphyritic with phenocrysts of plagioclase, pyroxene, and 
olivine. 

Microscopic Characters—The rock is sempatic, percrystalline, and 
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consists of phenocrysts of plagioclase, augite, and olivine, together with 
a groundmass consisting of plagioclase, augite, magnetite, and a little 
glass base. 

The plagioclase pheno- 
eryst is euhedral and is 
twinned in polysynthetic 
lamellae according to the 
albite law. Zonal structure 
due to the chemical differ- 
ence is very faintly exhibi- 
ted. The mineral was 
identified as anorthite 
AbAng, with nyp=1-5780. 
The less calcic shell part 


is bytownite-anorthite ADio- Fig. 9. Microphotograph of olivine-augite- 
ATiwithe eee e750 andesite. x30. p—anorthite, o— olivine. 
90 ip—-+° : 


The olivine has a refractive index ap=1-6804. The augite pheno- 
crysts are subordinate in amount. 


IX. Two-pyroxene-andesite (Takao bed.) (Fig. 10.) 


This rock occurs in the northern half of the Oiso district as a 
pumice-bed 10 m. or more in thickness. 

Megascopie Characters —The rock is pumiceous and is white to light 
gray. It is slightly porphyritic with phenocrysts of plagioclase and 
pyroxene. 

Microscopie  Charac- 
ters.—The rock is dopatic, 
cousisting of a few pheno- 
crysts of plagioclase, augite, 
and hypersthene, together 
with an entirely glassy 
groundmass. 

The plagioclase pheno- 
eryst, 0-1-0-3 mm. in 
diameter, is  euhedral. eMee G : 
Zonal structure due to the Fig. 10. Microphotograph of pumice (two- 
chemical difference is pyroxene-andesite). x38.  p-—calcic by- 
absent. The mineral was townite, hy —hypersthene. 
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identified as calcic bytownite AbyAng with nip=1-5742. It contains 
inclusions of brown glass. The augite phenocryst has a refractive index 
Nip = 1-6955, and the hypersthene nyp=1-6939. 

In addition to the pumice of two-pyroxene-andesite, the Takao bed 
contains a few-fragments of hypersthene-augite (njp=1-6928)-anorthite- 
andesite and of olivine (wp =1-6790)-augite (n;p = 1-6966)-anorthite-andesite. 


42) 


X. Loam (Loam bed.) 


The so-called loam bed of the Oiso district rests on the Takao bed 
almost horizontally, and covers unconformably other beds older than the 
latter. A specimen of the loam collected from the upper horizon of the 
loam bed at Sinseiko* adjoining Hatano“’ was free from any minerals 
that could be determined megascopically or microscopically. Thin 
layers of black scoriaceous lapilli are found in some horizons of the loam 
bed. In the lapilli are seen a few isolated crystals of plagioclase (Aby 
Ang) and augite (n,p=1.6922), together with pieces of obsidian (np= 
1.5078). 
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42) In alittle lower horizon than the pumice-bed (Takao bed) there occurs a yellow- 
ish gray tuff-bed. The tuff contains abundant crystals of anorthite (Ab7Ang3), hypersthene 
(nip = 1-6892), augite (n1p=1-6925), olivine (a@p=1:1743, Bp =1-6905), and a few fragments 
of hornblende, together with scoriaceous fragments of olivine-pyroxene-andesite. 
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26. Seismometrical Report. 


Tih je 


Hl eR 


(Earthquake Research Institute, Toky6, Japan.) 


The object of this new column is to report all earthquakes that have 
been felt without instrumental aid as registered at stations in the seismic 
network framed over the Kwanté districts by the Earthquake Research 
In the case of important 


(January 1—March 31, 1981.) 


Introduction. 


Institute of the Tokyéd Imperial University. 


earthquakes, their seismograms will be reproduced, while, as of possible 
aid to international co-operation, distant earthquakes will also be reported. 

As shown in List IJ, there are eight permanent seismological stations 
in the Kwant6 district, and these will supply us with the necessary data. 
Data from such temporary stations as Wakayama and Idu will not be 


reported. 
(1) Seismological stations in the Kwanto districts. 
List I. 
Coordinates 
Station Longitude Latitude SE TLes Ged 
(E) (N) 

Tdky6 (Hong6) 139° 45’ 59” 35° 42’ 40” 0 km. 
Kamakura HERS) eye ase Boe IY BY 48 
Kiyosumi 140° 09’ 02” Re Oe Be 70 
Misaki 3 Oueo een Oba Sor OS 2S" 62 
Titibu 139° 04’ 54” 30 OCMOOU 69 
Tégane VACR Ree oS.s 35°34’ 00” 5d 
Tukuba 140° 06’ 36” Om CMO 64 
Mitaka Hae Bae pee stays NO | OM 20 
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(2) Instruments. 
List I. 
(A) Tokyo (Hongd). 
: Magni- x 
Weight | fication) Natural | Damp-| Time 
No. Name ee “ype of the or period ing scale Remarks 
BOLO PIOer bob (kg.)| mini- (sec. ) ratio |nm./min, 
fication 
1 (E.W.) 2 1/2 10 2:0 50 With oil 
(N.S.)} 2 1/2 10 2:0 damper. 
( Vert.) 1 1/2 6 2:0 
2 (E.W.) 2 2 10 25 40 With oil 
(N.S.) 2 2 10 2-5 damper. 
(Vert.) 0-45 2 5 2.0 
3 (E.W.) 15 14 50 15 With oil 
(N.S.) 15 14 50 15 \-damper. 
4 (E.W.) i 50 f 1-3 60 
, (N.S.) ra 50 Vi 1:3 
5 (E.W.) (i 50 re 1-5 50 With magnetic 
(N.S.) a 50 © in 15 damper. 
(Vert.) th 28 a 15 
6 (E.W.) 30 300 12 1-7 100 
7 (N.S.) 30 300 12 1:7 100 
(E.W.) 15 15 50 2:0 15 
9 (N.S.) 15 10 50 2:0 25 
10 (N.S.) 30 120 18 2.0 60 
11 | Wiechert 200 120 14 5-0 10. | With air 
(E.W.N.S.) damper. 
12 |Ewing-Gray type 
(E.W.) Pe 3h 5 1:5 600 Record-receiver 
(N.S.) 2 34 9) 1-5 starts auto- 
( Vert.) 0-8 matically. 
13 Tanakadate 
(E.W.) 1.5 1 1-5 150 Ditto. 
(N.S.) 1.5 1 1:5 
(Vert.) 1.5 1 1-2 
14 (E.W.) 17 15 60 3-2 27 With magnetic 
damper, 
15 (N.S.) 42 20 60 2-0 25 Ditto. 
16 (E.W.) 10 5 210, 1-5 50 
17 (N.S.) 15 13 210 1-2 40 
18 (E.W.) 40 120 25 2-0 25 


(to be continued.) 
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(A) Tokyo (Hongo). (continued,) 
Magni- 5 “ 
Weight |fication| Natural amp- ime 
No. Raneer ae of the or period ing scale Remarks 
compeney bob (kg.) | mini- (sec. ) ratio |mm./min, 
fication a 
19 (NS.) 60 120 20 2:5 25 
20 Wiechert 1300 120 6 5:0 15 With air 
( Vert.) damper. 
21 (Vert.) 10 20 15 1-7 22.5 
22 ( Vert.) 45 7% 20 3:0 4.0 | With magnetic 
damper. 
23 Galitzin, 13 Pendul, 24, co Pal With magnetic 
(E,W.) Galva. 24 damper. 
24 Galitzin. 13 Pendul. 24; 090 27 Ditto. 
(NS) Galva, 24 
26 Galtzin Pendul. 13) co 
(vert.) Galva, 13 
26 |Long Pendulum 300 50 6:7 60 
27 Ishimoto 13 0-15 oo 57 1mm. deviation 
Acceleration of the index end 
seismograph v=leal'cae 
(E,W, N.S.) 
28 Clinograph 8 15 32 
(E.W.) 
(N.S) 8 15 32 0-12 
(B) Kamakura. 
Weight : Natural | same 
No, Component of the plocee period Levee scale Remarks 
bob (kg.) 2 (sec. ) TRU mm./min. 
1 (E.W.) 2 2 10 2-0 40 With oil 
(N.S.) 2 2 10 2-0 damper. 
( Vert.) 0-45 2 5 2-0 
2 (E,W.) 15 10 30 1-2 15 
3 ( Vert.) 4 10 10 2:0 25 
4 (E.W.) 7 50 10 15 50 
(N.S.) 7 50 10 1:5 
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(C) Kiyosumi. 


Weight on; | Natural a a eursre 
No. Component of the a teen period Sees scale Remarks 
bob (kg.) (sec. ) mm./min. 
(E.W.) " 50 7 15 50 
(N.S.) (l 50 nat 1-5 
(D) Misaki. 
Weight . | Natural es Time i 
No. Component of the te ial period pee scale Remarks 
bob (kg.) (sec. ) mm./min. 
(E.W.) Le 120 d 15 50 
(N.S.) 12 120 4 15 | 
(EK) Titibu. 
Weight . Natural - | Time 
No, | Component of the pee period 3 jot ees scale Remarks 
bob (kg.) (sec. ) mm./min. 
1 (E.W.) i 50 7 1:3 60 
(N.S.) ve 50 7 1:3 
(F) Togane. 
WARE’ | aagni- | NER" [Damping] Te | remarks 
bob (kg.) ome (sec. ) Talo | mmJmin.| 
7 50 < 1-5 50 
7 50 7 1-5 
(G) Tukuba. 
Weight | yy,4,;. | Natural __,{ Lime 
No. Component of the see period pan yie scale 2temarks 
bob (kg.) (sec. ) mm./min. 
1 (N.S.) 35 120 7 2-0 25 
2 (E.W.) 35 120 2] 2-0 25 
(H) Mitaka. 
No. Component ae na Pee pe Fanodl DaroPing a Remarks 
bob (kg.) tE (sec.) 2 AUEO"s hain, saan. 
ul (E.W.) ie 50 7 1:3 60 
(N.S.) 7 50 7 1:3 
(Vert.) 7 28 7 1:3 
2 (E.W.) 40 80 18 2:0 25 
3 (N.S.) 40 80 18 1-9 25 
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(3) Sensible earthquakes in Tokyo for the period 
January 1—March 31, 1931. 
Liatee. el 
Time=Central standard time of Japan (Civil mean time of the meridian 135° EB). 
Notation: 
prel. tr.= Preliminary tremors. 
N.S. =North-south component. 
E.W. = East-west component. aa a 
2A ' =Range of motion. 
ae = Period of earthquake motion. 
v = Longitude. 
a) = Latitude. 
D = Depth. 
Intensity: I (slight), IZ (rather weak), II (weak), IV (rather strong), V 
(strong), VI (violent). 
| Duration | Maximum motion | Epicentre > 
ye Time of a Te eae zs 
No. | Station Date} occur- Prak: NS. E.W. .) 9 D 8 
| rence 5 = 
| t |S foal r jaal ox | @ | 4 
hm Ss s m Bw s we 8 ce) 9 km. 
1 | Tékyé Jan. 5117.14 59-3} 15-0! 2] 32} (0-3)| 34) (0-3) | 139-6} 35-00} 94) I 
Kamakura 11-6] 2:7| 28] (0-3)| 48) (0-3) 
Misaki 12:0} 3] 21] (0-5)| 22) (0-6) 
Kiyosumi 13:2) 2 4| (0-6)| 13) (0-9) 
Titibu 20:8} 2 12} (0-8) 
Tdégane 15:8] 2 8} (0.4) 8} (0-4) 
Tukuba 15 4-8) 12-8] 1-5 
Mitaka 1715 0-6| 14.4] 2] 28) (0-2)| 23) (0-2) 
2 | Tokyo 23] 1 59 35-4} 31-4} 12} 56) (0-6)} 74} (0-6) |141-81) 36-80 I 
Kamakura 37:0| 14 | 30) (0-7)| 34} (0-6) oh a 
Misaki 37:5| 10 | 43) (0-7)| 38) (0-6) 
Kiyosumi 31-5} 11 | 12) (0-9)| 20} (0-9) 
Titibu 35-0) 6 68] (0:8) 
Tégane 24-8 10 | 26] (0-8)}| 16) (0:7) 
Tukuba 1 59 22-1} 21:5) 5 It 
Mitaka 1 59 39-0) 32-5| 10 | 116) (2-4)| 86) (2-1) 
3. | Toky6é 3010 40 29-5} 6-9] 4 | 294) (0-4) | 340) (0-4) 139-90) 36-06) 40) IL 
Kamakura 13-2| 3] 10) (05) 8} (0-5) 
Misaki 13:8} 4] 37] (0-5)| 29) (0-7) 
Kiyosumi 14-2) 5] 24] (0-5)| 20) (0-6) 
Titibu 84] 5 | 44! (0-2)} 22] (0-2) 
Tégane 91} 3] 44} (03)| 46} (0-3) I 
Tukuba 10 40 25-0) 62] 1:8 Ill 
Mitaka 10 40 32-2} 87] 3-5) 86) (0-3) | 128) (0-6) Il 
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Station 


Tokyd 
Kamakura 
Misaki 
Kiyosumi 
Titibu 
Tdgane 
Tukuba 
Mitaka 


Tdkyd 
Kamakura 
Misaki 
Kiyosumi 
Titibu 
Tégane 
Tukuba 
Mitaka 


Tdkyé 
Kamakura 


| Misaki 


Kiyosumi 
Titibu 
Tégane 
Tukuba 
Mitaka 


Tdkyd 
Kamakura 
Misaki 
Kiyosumi 
Titibu 
Tdgane 
Tukuba 
Mitaka 
Tékyd 
Kamakura 
Misaki 
Kiyosumi 
Titibu 
Tdégane 
Tukuba 
Mitaka 


Tékyd6 
Kamakura 
Misaki 
Kiyosumi 
Titibu 
Togane 
Tukuba 
Mitaka 


Date 


Feb. 4 
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List IIL. (continued.) 
Duration} Maximum motion | Epicentre b 
Time of : D a 
eke Prel, 3 NS. E.W. x ° (D) g 
him $s s m nm 8 mn 8 ° o | km. 
$33 55-8} 12-7] 3 | 36] (0-4)} 28) (0-4) | 140-00] 35-00 50 
8-1} 3] 20) (0-6)| 28) (0-6) I 
11-6} 3} 22) (0-6)| 10) (0-6) 
8 33 66:8) °11-7| 2-5} 15} (0-6)| 27] (0-6) 
13 37 32-3} 12-2) 2-5| 44) (0-3)| 36] (0-3)|139-91) 35-29 90) J 
9-9] 3 | 17] (0-4)| 15] (0-4) 
13°37 21-0) 11-8] 25 8} (0-3) 6] (0-2) 
15-4} 1] 4) (0-3)| 4) (0-3) 
12-1] 2} 10} (0:3)| 10} (0-3) 
13 37 33:0] 11-5} 2] 14] (0-3)] 26) (0-3) | 
23 45 15-0) 20-9) 3 | 32) (0-3) | -28) (0-3) | 139-46) 35-27) 143] J 
19-3} 3} 20} (0-6)| 30] (0-6) | 
| 19:6} 3] 29F (1-7)| 42} (0-6) 
21-3} 3 | 12} (1-2)| 12) (1-2) 
223} 31] 16] (0-9)) 12) (0-7) 
225; 3} 22! (0:8)| 20) (0-8) 
23 45 16-6] 25-4] 1-6 
2345 14-9} 20-2} 3] 32! (0-3)] 38] (0-3) 
6 42 33-4) 5-0] 1-5| 66} (0-3) | 90] (0-3) | 139-73) 35-79) 40 
8-0| 1-5) 11) (0-4)| 8} (0-4) 
10-0} 2) 16] (0-8) 
12-0} 15) 6) (0:8)| 6) (0-8) 
9-6; 2| 30) (0-5)| 25) (0-7) 
6 42 35-9} 86] 1 | 
6 42 33-7} 4-8] 1] 50) (0-3)| 62) (0-3) | 
14 35 34-0} 99-7] 90 |8200| (5-8) |2500| (6-8) | 137-60| 43-40 I 
103-0 60 | 900} (4-8) |1100) (3-9) | 
110-4| 40 | 360} (1-4) | 290} (1-4) 
14 35 39-9} 108-5} 60 | 620} (5:0) 
97-5| 30 |1860! (7-4) | 736} (4-8) 
102-0 U 
14 35 28-0] 93-5) 29 I 
14 35 35-5) 76-2! 70 I 
20 08 07-3 15:3) 7} 61) (03)| 40) (0-3)| 140-61) 36-30 50 
20-7| 7 | 32! (0-4)| 48) (0-4) 
24-2| 7) 40! (0-6)| 30] (0-6) 
19-5| 7] 64] (3:3)| 80) (2-6) 
14-9} 6] 40) (1-8)| 46) (1-8) 
20 07 55:5] 9-6 | 3-5 
20 08 09-0} 17:5} 6] 48] (21)) 28) (0-3) 
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List III. (continued.) 
Duration | Maximum motion Epicentre Db 
Time.et }=-_.-=—=> S a 
eG a 7 mt Ls 
No.| Station Date | occur Prel.| @ N.S. EW. A . D § 
rence Tr i (E) | = 
POE AG ORI ap 2A0 eee: ar 
hm s s m ia Ss vy s fa) ° km. 
10| Tdkyd Mar. 4! 5 39 56-3] .25-6| 7] 70) (0-6)| 46) (0-6) I 
Kamakura 29:0 9] 70) (0-5)} 62} (0:7) 
Misaki 31:0| 7 | 57| (0-6)} 654} (0-6) 
Kiyosumi 5 39 59-2! 28-3) 8] 10) (1.2)] 20) (1-2) 
Titibu 27-3| 7 | 24) (0-6)| 46) (0:8) 
Tégane 24-:0| 5 | 100} (1-9) } 120) (1-9) 
Tukuba 5 39 30-2) 20-4] 6 1 
Mitaka 5 39 59-2) 25-0] 6}. 86) (1:0)} 54) (0-5) 
11| Tékyéd 7| 1 13 37-2} 14-8) 20 | 160) (0-5)|} 104) (0-5) | 138-8 | 35:0 if 
Kamakura 11-7| 20 | 370} (1-2) | 140) (1-1) 
Misaki 11:6} 9 | 164} (0-5)| 117} (0-5) 
Kiyosumi 16-4/ 15 | 90) (3-5) | 180) (3-5) 
Titibu 12:2) 6 | 86 (41-2) 1 “T1@-2) 
Tégane 22-3| 15 | 44] (0-8)| 26) (0-7) 
Tukuba 1 13 44-5) 20-2) 7 
Mitaka 
12| Tékyéd 7| 1 53 49-7) 15-4] 15 | 620) (1-0) } 310} (1-0) | 1388-9 | 35-0 II 
Kamakura 10-2} 10 | 526). (1-1) | 414} (1:5) 
Misaki 10-1 | 10 | 455) (0-6) | 262) (0-6) 
Kiyosumi 16-2] 10 | 170} (3-3) | 192) (3-3) 
Titibu 12-6] 7 | 200) (1-0) | 290) (1:1) 
| Tégane 20-1} 15 | 100) (1-0) | 120} (1-1) I 
| Tukuba 1 53 54-5} 20:0] 9 Il 
Mitaka 1 53 46-5} 11-6] 15 | 950] (1-7) | 645} (1-6) 
13 | Téokyd 9112 50 06-2} 82-0} 60 |5600). (4-0) |8300) (4-7) | 142-70} 40°75 
Kamakura 65-5 | 30 |4250). (2-5) |3500| (2-6) 
Misaki 75-5 (Off the coast 
Kiyosumi 12 50 16-8) 82-0 of Hatinoye) 
Titibu 72:0 : 
Togane 86-6 (See Fig. 1) I 
Tukuba 12 49 52-8] 65-0] 56 I 
| Mitaka 12 50 05:8) 77-5 I 
14| Toky6 10| 3 41 01-7| 9-1] 6 | 164} (0-3) | 434] (0-3) | 139.93] 35-74} 45] IL 
Kamakura 9-4) 6] 65] (0-5)) 62) (0-5) 
Misaki 106; 3); —| — 42) (0-6) 
Kiyosumi 155| 6] 20) (0-8)} 48} (0-9) 
Titibu 7-4} 4 | 100) (0-4) | 108} (0-4) 
Togane 
Tukuba 3 41 04-8) 10-8] 2.3 
Mitaka 3 41 01-3| 8-8) 4 | 248) (0-4) | 326) (0-7) Tl 
15 | Tokyd 12/14 06 21-1] 13-2} 4} 80} (0-7)} 60) (0-7) | 140.30} 36-07) 80 
Kamakura 
Misaki 17-6| 3 | 58} (0-6)| 46) (0-6) 
Kiyosumi 14 06 21-8) 16-9) 2 4| (0-6)| 10) (0-6) 
Titibu 15-9| 3 | 34] (0-4)| 28) (0:5) 
Tégane 13-6| 2 28| (0:9) 
Tukuba 14 06 14-7) 96) 2 I 
Mitaka 14 06 22-2} 14-1) 2-5} 62) (0-3)| 50} (0-3) 
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List III. (coneluded.) 
Duration | Maximum motion Epicentre Ss 
) Pane Time of i @ 
No Station Date oceur- Pratl e N.S. E.W. 4 9 D 2 
rence Tr to) (E) (N) ‘=| 
eee AS Tes | OA Ts e 
hy my 8: s ffi vs BK s to) fo) km. 
16| Téky6 Mar. 23|/L7 28 41-8} 7-5) 4] 52! (0«4)| 61) (0-4)|140-2 | 36:0 | 30 
Kamakura 13-4} 3] 20) (0-9)} 20) (0:9) 
Misaki 13-9] 3] 18] (0-7)| 13) (0-6) 
Kiyosumi 13-4) 4 6} (0-6) 6} (0-6) 
Titibu 10-4) 3] 24! (0-3)| 20) (0-2) 
Tégane 9:0; 3] 15] (0-8)| 26) (0-8) 
Tukuba Wimeeonoorl mem Ont (ele! 
Mitaka 17 28 4351) 9:3]! 3} 15] (0-4)| 46) (0-8) 
17 | Tokyé 23/20 24 43:7) 69] 31] 24) (0-5)) 380} (0-5) | 139-83) 36-05) 20) I 
Kamakura 11-7} 3] 14} (0-6) 8} (0-6) 
Misaki 15:3} 3 5} (0-5) 3} (0-5) 
Kiyosumi 14-1} 1 4| (1-0) 3] (0-6) 
Titibu 9-4; 2] 18) (0-2)} 16) (0-2) 
Togane 10:2) eo 4| (0-4) 6] (0:5) 
Tukuba 20 24 35-8} 6:2) 1.4 
Mitaka 20 24 39-6 8-8] 2-5} 10} (0-4) | 10} (0-7) 
18| Toky6 25) 1 29 01-1} 3-6} 1 | 36] (0-4)} 36} (0-4) 
Kamakura 6-3] 1.2} 12! (0-3)| 12) (03) 
Misaki 8-1; 1] 10} (0-6)| 10) (1-2) 
Kiyosumi ; 
Titibu 
Tégane 
Tukuba 
Mitaka 1 29 01:3} 5-0} 11] 36) (0-2)} 28] (0-2) 
19 | Toky6 26/15 30 36-8; 11-2} 41] 64} (0-3) | 106) (0-3) |139-09) 36.19) 15) I 
Kamakura 14-4] 3] 32! (0-5)| 48] (0-5) 
Misaki 16-9} 4] 19) (0-9)} 13] (0-9) 
Kiyosumi 20-2| 3 4) (0-6) 6| (0-5) 
Titibu 3-8} 3 | 112) (0-5) | 140) (0-5) 
Tégane 18-1} 2) 20) (0-7)| 25) (0-7) 
Tukuba 
Mitaka 15 30 33-1} 11-1] 3:5] 40) (0-2)} 32) (0-2 
20| Tékyd 27| 5 25 35-9) 9-3) 41] 81) (0-3)] 96) (0-3) | 140-36) 35-34) 30) IT 
Kamakura 10-4} 5 | 90) (0-6) | 145) (0-6) 
Misaki 9:7} 5 | 57} (05)} 71) (0-5) 
Kiyosumi 5 25 31-1} 4-9} 4 | 420) (0:5) | 448) (0-5) by 
Titibu 18:0} 41] 30} (1:3)| 20) (0-9) 
Tégane . 50} 3 | 650) (0-2) | 550) (0-2) III 
Tukuba .6 20 37-5) 12-0) 1.7 
Mitaka 5 25 40-0) 13-5| 3-5| 166) (0-5)| 72) (0-5) 
21) Tékyd 29/20 14 25-9} 6-2] 2.5) 40) (0-5)| 36] (0-5) | 139-49) 35-54) 32) I 
Kamakura 5-7| 2] 40) (0-4)} 24] (0-4) 
Misaki _ Mohave. zoey (OkF)) tor {0-7 ) 
Kiyosumi 11-4) 3 4) (0-6) 
Titibu 9-5 | 2.5 2) (0:5) 4| (0-7) 
Tégane 11-5; 3] 12) (05)| 8} (0-9) 
Tukuba 20 14 36-4) 10-1} 1 
Mitaka 20 14 25-1) 3:8) 2} 84) (0-5)| 105} (0-3) I 
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OUtunomiya 


Kiyosumi 
© 


759 


@ Seismological Station. 


®@ Epicentre. 


14go° 140° 


Fig. 2. Distribution of the epicentres of the sensible earthquakes that 
originated within 160 km. from Tdkyé for the period January 1-March 
31,1931. (Figures attached to each epicentre correspond to earthquake 
number in List III.) 
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(4) Important distant earthquakes as observed in Tokyo (Hongo). 


List IV. 


East-west component. 
+ = towards east. ° 
— = towards west. 
NS = North-south component. 
+ = towards north. 
— = towards south. 
G.M.T. = Greenwich mean time. 


Notation: EW 


Time of occurrence. | Amplitude - 4 | Probable epicentre 
pave EEE (G. M. T.) (Aiea oe pee iaris 
bot s MB sec. 
Jan” 157-2 2 05 22:2 Mexico, 
S 2 16 52:2 
itt 2 34 33-7 
M(EW) 2 45 O15 + 400 25-2 
M(NS) 2 35 22:2 — 650 23°3 
15s 21 02 32:8 
S ‘21 08 28-5 
M(EW) 21 10 43:3 — 343 10-7 
M(NS) 21 11~ 03-6 + 363 10-6 
15a e 22 49 23-7 
S 22 56 16-2 
L 23 00 13-7 
M(EW) 23 O01 57-6 — 100 23-0 
M(NS) 23 O01 56-2 + 225 25-0 
PAA eed 20 16 21-0 
S 20 23 10-7 
L 20 28 19:6 
M(EW) 20 32 02-4 +1170 12:0 
M(NS) 20531 27-1 +1300 13-0 
28)\ 21 29 21-9 
eos 21 33) 57-1 
eas 21 35 21-4 
| M(EW 21 36 36-2 — 3000 25-0 
M(NS) 21 36 46-2 +2167 27-0 
Feb -2| P 22 59 09-6 Tew Zealan vkes 
g Sr he aa Zealand, Hawke 
MNS) moe HOG 1300 43-0 
M() 23 26 10-0 i . Q fo 
| M(EW) | 23 26 24.9 —1000 S7pn pt Mee Fig. 3,4) 
| M(Vert.) 23 26 29-0 70 32:0 
! M(EW 
max.) 23 32 0 (approx.) 2500 21-0 
M(NS 
max.) 23 28 30 (approx.) 1800 27-0 
M(Vert. 
max.) 23 29 0 (approx.) 250 26:0 


(to be contanued.) 
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List IV. (coneluded.) 


| Time of occurce Amplitude uf Probable epicentre 
Date | Phase (G. M. T.) (DA) Period and verarea 
OY a ee 6 44 23-0 
| § 6 51 56-0 
L(2) | 7 05 280 
M(?) 7 08 38-0 
Mar. 19 Le 6 30 19-8 
| 8 6 35 088 
Ae; ay axe Ce) 
ENF a a? 12 46 41-0 
Pas 12 53 08-0 
| L(EW) 12 57 46-0 2100 58-0 
| LOSS) 12 57 46-0 300 59-0 
| M(EW) |. 13 00 00 600 63-0 
M(NS) STOO mo 1400 60-0 


(6) Preliminary notes on the strong earthquake of June 17, 1931. 
After the previous report had already been written Toky6 was strong- 
ly shaken by an earthquake in the evening of June 17. This earthquake 
caused no serious damage. In some parts of Tdoky6, however, electric 
lights went out owing to breakage of wires on account of shock. It is 
reported that in Itabasi, a suburb northwest of Toky6, a poultry-yard was 
burned down by fire through overturning of a petroleum lamp. It 
seemed that the shock was especially strong at the west or northwest 
suburb of Tokyo. In Yokohama the intensity was somewhat lighter 
than at Tokyo, but all the electric lights and all street cars were put out 
of service for about ten minutes following the shock. Duration of the 
preliminary tremors at Hong6d was 6,8 seconds, the beginning of which — 
was felt strongly as an up-and-down motion. Duration of the sensible 
shocks at Toky6 was about 40 seconds. 
Times of occurrence of this earthquake at Hongd, Tukuba, Mitaka, 
Kamakura and Kiyosumi were as follows: These stations are supplied 
with wireless signals. 


Station Time ot occurrence 
Tokyd 21h og 50-38 
Mitaka 21 09 49.0 
Tukuba 21 09 54:3 
Kamakura 21 09 52-5 
Kiyosumi 22 09 55:3 
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Durations of the preliminary tremors and directions of the initial motion. 


Duration of preliminary 


Direction of initial 


Station tremors | motion 
Téky6é 6-8 sec. N 73° W down 
Mitaka 6:7 ? N 32° W down ? 
Kamakura 10-3 N 21° W down 
Titibu 8-1 N 56° W 
Kiyosumi 13-5 | N 35° W 
Tégane 12-1 | N 66° W 
Misaki — N 15° W 
Tukuba 10-0 | S 19° W 
Koyama 9-6 | E 
Tanna 11-5 | N 40° E down 
Itd 11-6 IN| BWP IS: 


(See Figs. 7—i0.) 


Maximum Range and period of the earthquake at Hongo. 
All the seismographs having magnifications larger than ten-time 


were put out of order by the strong shock. 


The pointers of these 


seismographs were bent and gave only registers of the preliminary 
portion. ‘The periods and the maximum ranges of component earthquake 
motions as registered by the strong motion seismograph (No. 3 in List IT) 
were as follows: 


Component Range (Period) 
NES; 42-1 mm. (2-4 sec.) 
E. W. 20-2 mm. (2-4 sec.) 
Vert. 8:3 mm. (2.4 sec.) 


Intensity (Acceleration) of the earthquake. 
According to the Ishimoto acceleration seismograph diagram, (see 
Fig. 11), maximum accelerations of the horizontal component motions 


at Tokyo (H 


ong6) were as follows : 


(See Figs. 5 and 6) 


Component Max. Acceleration Direction 
E.W. 49-5 gal. towards E. 
N.S 45-5 gal. towards 8. 


Time from beginning 
of the earthquake. 


10-4 sec. 
9-5 sec. 
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Intensity of this earthquake was V (strong) in the intensity scale, or 
VII in the Rossi-Forel scale. 

Probable origin of the earthquake. From the data above given the 
position of the epicentre and the approximate depth work out as follows: 


Epicentre Depth (approx.) 
A = 139-6° E 
45 km. 
y= 35-7°N 


Epicentre is probably a point about 20 km. distant from Hongé in a 
westerly direction. 


(N. Nasu and Ch. Yasuda are responsible for this report.) 
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Fig. 5. Tdky6 (Hong6) Observation of the Strong Earthquake of June 17, 1931. 
Horizontal Pendulum Strong Motion Seismograph Diagrams. 
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T6ky6 Observation of the Strong Earthquake of June 17, 193 
Three Component Motions Seismograph Diagram. 


Instrumental constants: 


: 


(Full size of the original diagram) 


[See No. 5 in List II (A)]. 


THE LIBRARY 


[N. Nasu. ] 


Fig. 


8. 


[Bull. Earthq. Res. Inst., Vol. IX, Pl. XL.] 


Kamakura Observation of the Strong Earthquake of June 17, 1981. 
Strong Motion! Seismograph Diagram. 
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Fig. 9. It6 Observation of the Strong Earthquake of June 17, 1981. 
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Fig. 10. Tanna Observation of the Strong Earthquake of June 17, 1931. 
CA) Strong Motion Seismograph Diagram. 
(CB) Three Component Motions Tromometer Diagram. 
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Fig. 11. T6ky6 CHong6) Observation of the Strong 
Earthquake of June 17, 1931. 


Ishimoto Acceleration Seismograph Diagram. 
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The Omachi (Shinano) Earthquakes of 1918.*_ I. 
By F. OMORI. Member of the Imperial Earthquake Investigation Committee. 
(With Plates I-X.) 


1. INTRODUCTION. ‘The two severe earthquakes on Nov. 11, 1918, 
which shook the town of Omachi and the vicinity, in the province of 
Shinano, may be classed as small local destructive shocks, and furnish a very 
interesting material of study in connection with the great Zenkoji catastrophe 
of 1847 and other former seismic disturbances belonging to the earthquake 
zones of the Shinano-gawa valley and of the Hime-kawa and Tenryu-gawa 
valley. 

The present author, who was at the time engaged in the field study 
of the Shirane (Kusatsu) volcano, has been telegraphically requested. by 
Mr. T. Akaboshi, Governor of the Nagano prefecture, to proceed at once to 
the shaken districts and make investigations of the earthquake shocks still 
occurring continuously. The author arrived at the scene of disaster on Nov. 
14th at noon, and on the strength of the tromometer registers obtained at the 
Nagano meteorological observatory and a precursory observation of the 
seismic damage at Omachi and the vicinity, published on the same day a 
preliminary note, giving an assurance of the non-recurrence of further destruc- 
tive shocks to the panic stricken people who did not dare to remain in their 
houses and suffered much from exposure to cold weather. 

The author made the field study of the seismic effects during the 7 days 
till the 20th (Nov.), and again during the 8 days between Nov. 28th and 
Dec. 5th. A continuous registration of the after-shocks was carried on by 
means of a portable horizontal pendulum tromometer of 100 times magnifica- 
tion temporarily set up in the compound of the Omachi district office, be- 
tween Nov. 27th and Dec. 5th, 1918. 

The following §§ give a general account of the seismic activity in 1918 of 
Omachi and vicinity, together with a comparison of the bench mark heights, 
before and after the earthquakes, along the precise leveling line extending 
from Matsumoto to Omachi, and thence to Itoigawa on the Japan Sea coast. 


* Translation, with additions, of my report on the Omachi earthquakes published in the 
Japanese Reports of the Imp. Earthq. Inv. Comm. (Shinsai Yobo Chosakai Hokoku), No. 94. 
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2. AFTER SHOCKS AND REPETITION OF GREAT DESTRUCTIVE 
EARTHQUAKES. A great earthquake is always followed by numerous 
secondary shakings, which decrease very quickly at first, but which may, 
according to the magnitude of the initial disturbance, continue for several 
months or several years, sometimes even for more than 10 years. The after- 
shocks, whose number may amount to several hundred or several thousand, 
eradually bring back the disturbed region to equilibrium condition, and are 
much smaller and weaker than the main earthquake, their principal origins 
being in the immediate neighbourhood of that of the latter. Now a great 
destructive earthquake is equivalent to the removal of a long continued excess 
of stress in the earth’s crust of the region concerned. Further, the seismic 
focus has a depth less than a certain limit, say, 20 ri (=80km.), while its 
length may extend over the horizontal distance of more than 100 km. or even 
100 miles. Hence it may be assumed that great destructive earthquakes do 
not happen from one and the same point or local tract. It is, of course, 
possible that such shocks originate from the same earthquake zone. In such 
cases, however, the centres would be widely separated from .one another. 
Thus, the great Japan earthquake of Dec. 23rd, 1854 took place off the coast 
of Tokaido, while the equally great earthquake on the next day, Dec. 24th, 
took place off the coast of Nankaido at the distance of more than 400 km. ¢o 
the §.W. along the same seismic zone on the convex, or Pacific, side of the 
Japan arc. Again, the great Valparaiso and the Aleutian Islands earthquakes 
on Aug. 16th, 1906, occurred almost simultaneously from the southern and 
northern parts. of the earthquake zone along the Pacific coast of North and 
South America at a mutual distance of 10,000 miles. 

3. AFTER-SHOCKS AND REPETITION OF SMALL LOCAL DES- 
TRUCTIVE EARTHQUAKES. A small destructive earthquake is one whose 
area of strong motion is limited and which is sufficiently strong to damage 
ordinary brick chimneys, stone structures, badly built brick houses, and to 
cause slight cracks of the ground, but which does not attain the magnitude of 
a great destructive earthquake, namely, one capable of completely destroying 
a wooden Japanese dwelling house. A small destructive shock as here defined 
may prove very disastrous in some other places such as Southern Italy, where 
houses are made of very bad building material. 

Locai destructive shocks may often occur twice, unlike large ones, from 
neighbouring places in the course of one day or two. For instance, in Dec. 
1892, two strong earthquakes of local nature occurred off the coast of the 
S.W. part of the province of Noto (Hokrikdo, Japan) respectively on the 9th, 
at 10. 40 a.m. and on the 11th, at 1. 830 a.m., with the mutual time interval of 
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Map showing the Shinano-gawa Valley and the Hime-kawa and Tenryu-gawa Earthquake Zones. 
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(The inner area indicates the districts where the seismic damage was specially heavy.) 
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Fig. 3. A Dozo (Japanese Ware-house) at Shimizu, Tokiwa-mra, 


with its mud wall badly shaken down 
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Fig. 4. A Stone-lantern overturned, at Jokoji (35¢5#) Temple, Yashiro-mra. 
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(CX) .... A foot-seale indicating the amount of the displacement of the pedestal. 


Fig. 5. Street Scene in the Town of Omachi after the Earthquakes. 
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“38.8 hours. Again, in Aug. 1898 the Itoshima district, in the W. part of 
the province of Chikzen (Kyushu) was shaken by two strong shocks on the 
10th, at 9. 57. 81 p.m., and on the 12th, at 8. 35. 34 a.m., with the time 
interval of 35.6 hours. In each of these cases, the second earthquake was a 
little stronger than the first, while the occurrence of the after-shocks follow- 
ing the latter was not sufficiently abundant. Thus, the first strong Itoshima 
earthquake was followed by only 8 after-shocks previous to the occurrence of 
the second strong earthquake, which was followed by a sufficient number of 
-after-shocks, amounting to 84 in the course of the same day. It is likely that 
when a local seismic district reaches the limiting state of underground stress 
accumulation two small destructive earthquakes may take place from within 
the affected area with a mutual distance of 5 to 10 kmn. 
4. COURSE OF OMACHI SEISMIC ACTIVITY. At the Tokiwa-mra, 
6 kin. to the §.W. from Omachi, a slight shock was felt on the 10th (Nov.) just 
after the supper time, another slight one being felt at about 10 o’clock on the 
same evening. In the vicinity of the Oji temple, at the northern part of the 
town of Omachi, sounds like those due to avalanches were perceived toward 
the W.8.W. at about 10 p.m., on the 10th. - Similar sounds were also heard 
on the same day at about 4 p.m. at the village of Krumibara to the N. of 
Omachi. These might possibly have been the fore-shocks of the two destruc- 
ive earthquakes on the lith whose times of occurrence were, according to 
the tromometer observations at the Tokyo Seismological Institute, respective- 
dy 2. 58. 45 a.m. and 4. 03. 40 p.m., with the mutual time interval of 13.1 
hours, the 2nd earthquake being much larger than the first. According to 
“the tromometer records at the Nagano Meteorological Observatory, the after- 
shocks which followed the Ist destructive earthquake were comparatively few 
in number, probably in indication of the continued unstable condition of the 
focal district. Thus there resulted the 2nd destructive earthquake, followed 
by numerous after-shocks, some of which were moderately strong. This may 
be taken as the result of the removal of the. principal underground weak 
points of the district under consideration, which may be assumed to 
be free in future from the repetition of similar seismic disturbances. The 
separate occurrences of the two successive destructive earthquakes have no 
doubt materially contributed to diminish the amount of the seismic damage 
which ought to have been produced had the the two shocks been combined in 
-one occurrence. 
The frequency and intensity of after-shocks of a destructive earthquake 
usually show periodic variations with the lengths, amongst the others, of 44 
days and 8-9 days. In the present instance, the after-shocks of the two 
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destructive earthquakes on the 11th steadily decreased in frequency ; with 
none of the strong intensity after the 14th. A somewhat strong after-shock 
took place, however, on the 20th, at 9. 48. 55 a.m., namely, 9 days 7 hours 
after the lst earthquake. Again, after an interval of 4 days 19 hours, a 
pretty severe after-shock took place on the 25th, at 4.56.55 a.m. Aftera 
further interval of 5 days 23 hours, again took place a strong after-shock on 
Dec. Ist, at 4. 15 a.m. Then, after an interval of 13 days (equivalent to the 
sum of 44 and 9 days), occurred a fairly strong shock on Dec. 14th, at 5. 34 
p.m. These show the two average intervals of approximately 43.and 9 days 
in conformity with the general time distribution of after-shocks. The 
oecasional occurrence of comparatively strong after-shocks at Omachi was 
thus a matter of no extraordinary seismic behaviour. This fact was recogniz- 
ed by the author already at the time of his visits to the shaken districts and 
pointed out to the panic stricken people as one of the reassuring circum- 
stances. 

5. BARTHQUAKE DAMAGE. ‘The earthquake damage was chiefly 
limited to the town of Omachi and the & neighbouring villages of Tokiwa 
(##), Yashiro (itt), Taira (7®), Yasaka (8%), and Mima (#5), in the 
central and southern parts of the Kita Atsumi district, province of Shinano 
(prefecture of Nagano), the first named 4 places having suffered most severely. 
There was no case of casuality, except one man wounded at each of the 
villages of Tokiwa, Yasaka, and Aisome, and two at Mima. According to the 
census of the Kita Atsumi district office, the total seismic damage, relating to 
the towns of Omachi and Ikeda and of Yashiro and 9 other villages, was as 
follows :— 


Number of the dwelling houses totally destroyed...................0604- 6 
it a8 jj -> halfidestroved Tawra: hinces ane, 2,852 
3 ,, dozo, ware-houses, etc., totally destroyed............... 16 
a * Fe . damaged Joie ee... 2,273 
4 public buildings, temples, etc., damaged.................. 290 
Roads and river embankments, cracked .................066- 7365 metres 
Ishigaki (stone retaining walls) damaged ...................-. 334 places. 


The dwelling houses totally destroyed were either old rotten buildings or con- 
verted ware-houses, none of the houses in ordinary condition of keeping 
having collapsed. Hereby it is to be noted that most of the Japanese style 
houses in Omachi and the vicinity are low, even the two-storied buildings 
looking like 13-storied ones. In this connection it may be stated that after 
the great Zenkoji (Nagano) earthquake of 1847, it has been prohibited in the 
city of Nagano to build 2-storied houses, on account of the great risk to 
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which the tall wooden buildings were exposed on occasion of destructive 
earthquakes. The maximum height of vertical. posts to be allowed in the 
one-storied houses was fixed at 11 shaku*, the limit having subsequently 
been raised to 23 ken (=15 feet). It is probable that the low structures in 
the Omachi district were the result of a similar seismic precaution, as the 


Table I. List of Seismic Damage in the different Towns and Villages. 


Town as g er 
a ue c at : HE sl] OoN-F : : 
or bs bane 45 bs g wis eue oe aS 
Village. weet seas oa: |oye|ses | aa) 2 x 
i ee |e | 8 | ee | & js%e|7s2| a8 | as 
Pak Ca ars i wae eal Coot op i tc oe We Coded 
; ten ken 
Omachi (AY) —| 241) 867 6| 692 84} 228 2| 2566 
Yashiro (jik#}) 4 16) 270 7| 350 18 571 | 1242) 570 
Tokiwa (##EF}) 1 28) 685 a Ad Ole) lal 3| 120 coon 
Matsukawa (#§)I| Ff) a ae Ee ae 13 De 
Ikeda (7th My) — — 7 — 42 1 -— — — 
Aisome (#7 ¥#}) (sages 3 Re ae 2 Pig Dv yk Pag Ra 
Nanaki ($¢#t) zie Pe UN ON pg ent Meee 2h deepal ern te 
Rokgo (BEwFT) — 1} 3870 —| 386 — 
Hirotsu (pee) PS Mari Ne Sond lm SP BL VE Dib BO) 9), a 
Yasaka (A BRAS) 1 9 67 2 fh! 7 386} 226}; 200 
Taira (4844) — 3) 309 —} 188 6 2 25 8 
Mima ( Xbik Sf) = 4 20 a 
Sum. 6 334 | 1507 | 3844 


town and some of the neighbouring villages suffered not in an insignificant 
degree the effect of the Zenkoji (1847) and the Anssi (1854) earthquakes. 
The comparatively small amount of damage done to the houses in the present 
case was also doubtless due to the employment of thick strong wooden posts. 
The statistical statements of the seismic damage for the different towns and 
villages are given in Table I. 


* 1 shaku=0.997 English foot. 
+ Expressed in hen =6 staku=6 feet very nearly. 
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A special feature in the Omachi earthquake damage was an enormous- 
amount of the cracks and shaking down of the plastered mud walls of the 
dwelling houses and the dozo (wocden-frame ware-houses with thick plastered 
mud walls). In fact the seismic disturbances may, as far as the damage is. 
concerned, termed as “ dozo earthquakes.” The chief fault of construction 
lies in the inferior quality of the wall mud, which is made up of incoherent | 
sandy earth mixed with a small proportion of clay. For the structures in 
Omachi and the villages of Yashiro and Tokiwa, the clay must be imported. 
from other places, and the high cost of transportation reduces sometimes the 
use of the clay to only 10 or 20% in the preparation of the wall mud. 
Another objectionable custom in the construction of the dozo walls is the 
employment, not of the bamboo pieces as they do in other parts of Japan, but. 
of thick round rods of wood, sometimes 1” or 2” in diameter, for the internal 
framing of the walls. ‘These are arranged vertically and horizontally and are- 
tied at their crossings with straw ropes, and then plastered over to the thick- 
ness of about 6” by the mud mixture above mentioned. Thus it follows that 
the mud walls are at the time of a destructive shocks very easily cracked and 
shaken down in large masses. On the other hand, it may be that this very 
circumstance, taking off the heavy weight from the buildings, actually saved. 
the latter from being totally overthrown by the earthquake motion. 

6. COMPARISON OF THE TWO DESTRUCTIVE SHOCKS ON NOV. 
uty, The two earthquakes on the 11th, at about 3 a.m. and about 4 P.M.,. 
had different meizoseismal areas. Thus at Omachi the 3 A.M. earthquake 
was very strongly felt, almost to the same degree as the 4 p.m. earthquake. . 
At the temple Reishoji situated on a hill of diluvial formation about 1.5 km. 
to the N. EB. of Omachi, the 3 a.m. shock was strong and caused the over- 
throw of the several ishidoro (stone lanterns). It was, however, at the 
4. p.m. shock that the sandy cliffs fell down and blocked the road ascending to- 
the temple. At the village of Kirikbo CUA), 3.5 kin. to the E. slightly 8. 
of Omachi, the 3 a.m. shock caused considerable damage to the ishigake of the 
different houses and threw out of perpendicular the elementary school, a. 
Q-storied wooden building, which had also its wall mud shaken down, window 
panes broken, and the wooden stair-case deranged out of position ; the 4 P.M. 
shock which was a little stronger, having caused no special further damage. 
At the temple of Yamashita Myojin in the Jokoji locality of the Yashiro- - 
myra, about 2.5 km., to the §.E. of Omachi, all the ordinary ishidoro were 
overthrown by the 3 a.m. shock. In the same compound, the pedestal of a. 
stone lantern was found displaced to the extent of 17cm., while the wooden 
torii (Shinto gate) suffered a displacement of 20 cm. off the foundation stones. - 
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These latter effects seem to be due to the 4 p.m. shock. At the Matsuzaki 
locality of the Yashiro-mra, adjoining the S.E. part of the town of Omachi, 
the 3 a.m. shock caused the crack of walls and the overthrow of the ishidoro ; 
it being chiefly, however, the 4 p.m. earthquake which caused damage to- 
the eshigaki. At the Nakabayashi locality of the same village, where the soil 
is low and moist, the motion was very violent, as may be judged from the 
following facts :— a large manure tub, 3 feet in diameter and 3 feet in depth, 
buried in the ground was thrown by the shocks 1.5 feet vertically out of the 
latter. Subsequently it subsided 0.5 foot by itself. At the village of Mikka- 
machi, 2 km. to the N. slightly HE. of Omachi, the 3 a.m. shock was very 
strong and caused much cracking of the dozo walls, which were in most cases 
finally shaken down by the 4 p.m. shock. Again the two ware-houses, some- 
what thrown out of the vertical by the 8 a.m. shock, were thrown down by 
the 4 p.m. shock. 

At the Osaki, Shimizu, and Ippongi localities of the Tokiwa-mra, about 
6 km. to the 5.W. of Omachi, the 3 a.m. shock was only slightly felt and it 
caused no damage, such that no peaple ran out of the doors, and even very 
unstable tomb stones and stone-lanterns were not overthrown. On the other 
hand, the 4P.M. shock was very strong at these places, causing, amongst the 
others, at Shimizu the displacement of the pedestals of the tomb stones to the 
maximum horizontal amount of 3/ 2."5. 

From the above accounts it will be quite evident that the two destructive 
earthquakes on Nov. 11th had different foci. The first (3 a.m.) shock was. 
strongly felt, with production of marked damage, only within an area, 4 km. 
in diameter, including the town of Omachi and the adjacent places to its N., 
E.,and 8. E. The second (4 P.M.) shock was of a much greater magnitude: 
and was felt most strongly in the Tokiwa-mra localities; its intensity of motion 
in the meizoseismal area of the first earthquake being also higher than on that 
occasion. 

7. POSITIONS OF TLE EARTHQUAKE ORIGINS DEDUCED FROM 
TOKYO OBSERVATIONS. The two Omachi earthquakes under considera- 
tion have been felt slightly in Tokyo. The results of the tromometer obser- 
vations at the Seismological Institute were as follows :—* 


Ist Earthquake. 
Time of Occurrence=2. 58. 48 a.m. 
Duration of Preluninary Tremor=25.8 sec. 


* The radial distance from the observing place (=x km.) has been calculated from the 
duration of the preliminary tremor (=y sec.) by the formula: x km.=7.42 y sec. 
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Radial Distance =191 km. 

Ist Displacement of the earthquake motion=0.12 mm. 
directed originward. 

Mean Direction of motion in Prel. Tremor=N.638°.9W. 

Maximum Motion=3.3 mm. 


2nd Earthquake. 


Time of Occurrence =4. 03. 40 P.M. 
Duration of Preliminary Tremor=25.8 sec. 
Radial Distance =199 kin. 
Ist Displacement of the earthquake motion =0.55 mm. 
directed originward. 
Mean Direction of motion in Prel. Tremor=N. 66°.6W. 
Maximum Motion=11.8 mm. | 
‘Thus the origin of the Ist earthquake was situated 191 km. to the N.63.°9W. of 
Tokyo, and that of the 2nd at 199 km. to the N.66°.6W. of Tokyo. These 
positions are close to Omachi, the 2nd origin being located about 8 km. to the, 
5.W. of the Ist origin. (See fig. 11.) ; 
8. POSITIONS OF THE EARTHQUAKE ORIGINS DEDUCED FROM 
NAGANO OBSERVATIONS. The portable type horizontal pendulum tromo- 
meter, of pointer magnification=75, at the meteorological observatory of 
Nagano, where the earthquakes were felt as strong motion,* has given 
satisfactory registers. (See Pls. VI and VII.) 
On account of the short distance the Nagano records fix the positions. of 
the centres of disturbances with accuracy. ‘The results of the observations: 
were as follows :—- | : 


Ist Earthquake. 


Time of Occurrence=2. 58. 18 a.m. 

Duration of Preliminary Tremor=4.7 sec. 

Radial Distance = 35 kin. 

lst Displacemeut=0.17 mm., directed originward. 
Mean Direction of motion in Prel. Tremor=$.60°.4W. 


end Earthquake. 
Time of Occurrence=4. 03. 12 P. M. 
Duration of Preliminary Tremor=5.2 sec. 


* Tae earthquake motion of strong intensity is one which is felt strongly, but which 
causes no damage, 


Fig. 6. 
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The 2nd Destructive Omachi Earthquake, on Nov. I], 1918, at 4 P.M. Pl. TV. 


Duplex Pendulum Tremometer Record at Tokyo. Multiplication = 28. 
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Fig. 9. The 2nd Destructive Omachi Earthquake, on Noy. 11, 1918. at 4.03P.mM,. —- PI. VI. 


Horizontal Pendulum Tromometer Record at the Nagano Meteorological Observatory. 
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Fig. 10. The Ist Destructive Omachi Earthquake. on Nov. 11, 1918, at 2.58 A.M. Pl. VIL. 


Horizontal Pendulum 'romometer Record at the Nagano Meteorological Observatory. 
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Radial Distance=39.3 km. 

Ist Displacement of the earthquake motion =0.32 mm. 

Direction of the 1st Displacement=8.55°.4W. 
The origin of the two destructive earthquakes were'thus respectively 35 ku, 
to the 5.60°4W. and 39.3 km. to the $.55°4W. from the meteorological 
observatory of Nagano. ‘These distances, representing the radial distances, 
must be some ]1km. greater than the corresponding epifocal radii. The 
epicentres thus determined (fig. 12.) coincide almost exactly with the actual 
positions determined from the field study. . (See fig. 2.) 

Both from the Tokyo and the Nagano tromometer observations it may be 
concluded that the 2nd earthquake was at least twice so large as the Ist. 

9. TROMOMETER DIAGRAMS. Figs. 6 to 8 are reproductions of 
the duplex pendulum tromometer register of the two destructive earthquakes 
and their strongest after-shock observed at the Seismological Institute (Tokyo), 
each ‘giving the resultant horizontal motion with magnification. In the Qnd 
destructive earthquake, whose motion was large and caused the writing 
pointer to be thrown out of the smoked paper at the commencement of the 
principal portion, the initial displacement was clearly directed toward the 
seismic origin, the average direction of motion in the prelimary tremor being 
N.66°.6W. and 8.66°6E. In the case of the Ist destructive earthquake 
and the after-shock, the motion was smaller and was registered completely, 
without throwing the pointer out of the smoked paper. In figs. 7 and 8, a 
marks the beginning of the earthquake motion, and the interval of about 1™ 
508 between a and } belongs to the longitudinal wave. The latter class of 
movement was again markedly indicated at c about 4™ 12° after the start. 
This second group of the longitudinal wave was also shown in the Tokyo 
seismograms of the strong Asama-yama earthquake of July 16, 1912, where 
the time interval between its appearance and the commencement of the 
earthquake motion was 3” 35%.* The second longitudinal group whose pro- 
pagation velocity was very low and amounted to some 0.6 km. per sec., may 
be the effect of the propagation of seismic disturbances through the inner 
magmatic mass. 

Figs. 9 and 10 represent the portable tromometer registers at the Nagano 
meteorological observatory. The initial displacement pointed in each case 
clearly toward the origin. 

10. CRACKS AND SLIGHT DEPRESSION OF GROUND. I1 J the 
Omachi earthquakes in question there was no surface manifestation of well 


* See the Bulletin of the Imp, Earthq. Inv. Comm,, 7, No, 3, Pl, XLIV. 
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defined faults or dislocation of the ground. There were, however, some cracks 
of long extension with an accompaniment of vertical disturbances. Thus 
in the Tokiwa-mra district the crack 2”.5 in maximum width stretched 
in the direction of N.380°H.—8.380°W., through the village ground and 
mulberry fields, for the distance of about 1 km. from Osaki to a place 
called Butai and thence further to Nagabata, where a landslip was produced ; 
there being at some places several lines formed parallelly within the breadth 
of. 10 to 20 feet. The crack zone indicated the area of a slight relative 
depression, of maximum amount 6”, always on its H.S.E. side. Again another 
crack, 1” in width, was formed in the direction of N.73°W. and §.73°K. for 
the distance of 400 metres across the cultivated field to the south of Shimizu 
temple in the Shimizu district of Tokiwa-mra, with a slight depression of 1” 
to 2” on its N.N.E. side. (See fig. 2.) These two crack lines were different 
from the ordinary fissures formed along roads, river banks, or cliffs, and may 
be supposed to mark the western boundary of the area of apparent depression, 
being the result of the level disturbances at the epicentral area. 

11. DIRECTION OF MOTION IN THE EPICENTRAL AREa. At 
the localities of Reishoji, Jokoji, and the Yamashita temple, in the meizoseismal 
area the stone-lanterns were overturned by 8 A.m. shock on the 11th, while 
the displacement of the pedestals and temple gates took place on the occasion 
of the 4 p.m. shock on the same day. Again, the overturning and other 
seismic damage at the different districts of the Tokiwa village were entirely 
due to the 2nd earthquake. The mean overturning and sliding directions at 
different places in the strongly shaken area were as follows. 

Reishoji Temple. By the 3 a.m. earthquake were overturned a cylindrical 
stem stone lantern toward N.15°K. and 6 square stem stone lanterns toward 
S.6°E.; S.5°W.; N.9°E.; 8.45°W.; S.380°W. Fifteen circular section tombstones 
were overturned toward S.20°W.; S.20°W.; S.40°W.; S.40°W.; S.40°W.; §.20° 
» EHS 8.20Hs N.25°W.;) NAS WE; N2OW: N.20°W); SS. 1s Sloe heb 3b ne 
S.10°E. A shed consisting of a roof supported by 4 posts was thrown toward 
$.20°W. Inthe 4 p.m. earthquake there were three cases of sliding of pedestals 
of stone lanterns, respectively toward N.; N.; 8.71°H. 

Matsuzaki. 4 stone lanterns were overturned toward 8.E.; S.E.; 5.5°W.; 
$.40°W. The roof covering of a dozo was overthrown toward N. A stone 
monument structure was thrown toward 8. 

Omachi. At the Omachi station of the Matsumoto and Omachi Light 
Railway (gauge =3’ 6") in the southern part of the town, a train without 
engine, and composed of 6 cars, with the breakvan secured, was lying alone 
the platform parallel E.-W.; the two goods wagons at the end being each 18/ 
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long and 7’ wide. By the earthquake shock at 4 p.m. the last car, 4.75 tons 
in weight, was thrown 0.65 foot off the rails and landed on the sleepers 
toward the S. The last but one car, 4.86 tons in weight, was also partly 
derailed toward the same side. The rails of 40 lbs. type were 3”.5 in height, 
the top width being 1}”. 

At the Dansei-ji temple (5#%) in the 8.W. part of Omachi, 5 stone- 
lanterns were overturned toward §.35°H., S.8°H., N.12°W., S.35°E., 8.65°E., 
while tomb stones were overturned as follows:— 26 toward W.., 6 toward 
E., 6 toward S., and 4 toward N. In two cases the sliding took place toward 
N. and toward N.70°E. At another temple, the Tensho-ji (KiE¥) in the 
same part of the town, the directions of overturning of 12 stone-lanterns and 
tomb stones were: S.E., E., E.,S.,8., W., E., 8., E., W., W., and N.60°H. 
The sliding took place in two cases toward 8.E., and toward 8.3 1°H. 

At the Oji temple (E*¥#—7#) inthe northern part of Omachi, 4 stone 
lanterns had their round ball tops thrown respectively toward 8.20°W., 
S.10°EK., N.8°W., and 8.55°W. Three stone lanterns were overturned toward 
E., $.40°E., and 8.70°H. In one case the sliding took place toward 8.55°W. 
The stone temple fence was uniformly thrown toward the E. by the 4 P.M. 
earthquake. At a street corner nearby 2 stone lanterns were overturned 
toward E. and toward W., by the 3 a.m. earthquake. 

At the temple Rokkakdo (*f§%) immediately to the §. of Omachi, the 
sliding of a tomb stone pedestal was directed toward 8.57°H. 

Matsuzaki. 4 stone lanterns were overturned toward 8.E., S.H., $.5°W.., 
and §.40°W. A small stone shrine was overthrown toward 8. 

Yamashita temple, Jokoji. By the first earthquake, two cylinder-stem 
stone lanterns were overturned toward N.35°W. and 8.63°W., and six square- 
stem ones toward N.25°H., N.15°H., N.10°E., $.55°W., N.5°W., and N.60°H. 
The direction of the sliding caused by the second earthquake were as follows :— 
the pedestals of two stone-lanterns displaced toward N.56°HK. and N.E.; a 
wooden torti (Shinto gate) displaced toward EH. 


12 F. Omori: 


Tab'e II. Direction of Overturning and Disp\acement of- Bodies. 


Ist Earthquake. 2nd HKarthquake. 
(2.58 A.M.) (4.03 Pp...) 
Locality. 
Overturning. Displacement. Overturning. 

Reishoji (48#43%), N.E. from Omachi. S. Selon == 
Omachi (A#y), W. and S$. parts. S.35°W. E. — 

ee : (T'wo cars of a train at rest 
Omachi Railway Station. See derailed towards the 8.) 
O}i (EF4—-#), N. from Omachi, S.385°W. — 8.72°H. 
Rokkakdo (* f4), 8. ,. ‘ S.40°R. S.62°E. — 
Ohara (Ajay), N.W._,, » §.14°H. == sea 
Matsuzaki (fig), Yashiro-mra, N.19°H: foes a 
Jokoji (#63) :: N.19°H. N.65°E. — 
Kirikbo (WAR), Yasaka-mra., — — N.45°W. 
Ippongi (—4# A), Tokiwa-mra. bas N. 2 IN Gana 
Shimizu and Nakahara, (j7k, 12 JH) = N.80°R. 8.58°H. 
Shingyo (3777), Mima-mra. Ee N.45°R. Re 


Tokiwa-mra. The overturning and sliding in the village districts of 
Tokiwa were due entirely to the earthquake shock at 4 p.m. on Noy. 1]. At 
the cemetery of Shimizu (7k), the directions were as follows :— 1 cylinder- 
stem stone lantern was overturned toward N.75°K.; nine tomb stones were 
overturned toward N.75°E., E., S.10°E., 8., E.70°N., S., S.S.E., N.70°W., 
and $.20°W.; the pedestals of six tomb stones were displaced toward N.75°E., 
E., N.75°E. (to the amount of 3.2 feet), N.55°H., E., and N.60°H. At the 
Shimizu temple, a circular section tomb-stone was overturned toward 8.40°W., 
while the sliding of a pedestal amounted to 0.3 foot toward 5.20°W. At the 
Mishima temple (=i#81tE), 4 cylinder stem stone lanterns were overturned 
toward §.25°E., N.70°W., S.20°W., and N.23°W., while the displacement 
directions were N.W., W., and N.80°W. At Nakahara (#3) three tomb stones 
were overturned all toward the N.E. At the Ippongi (~-##) temple, two 
square-stem stone lanterns were overturned toward the N. and N.E., while a 
sliding took place toward the N. 

The mean directions of motion at the different places are given in Table 
II and are graphically indicated in fig. 2. With respect to the Ist earth- 
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quake the direction of overturning of bodies has been assumed to represent 
the direction of the maximum earthquake displacement. 

12. ORIGINS OF THE EARTHQKEUAS. In the Ist earthquake, the 
maximum motion was directed principally toward S. or S.E. at Omachi, 
Reishoji, Matsuzaki, and the vicinity, while it was toward N.N.E. at Jokoji. 
From this variation in the direction of motion coupled with the position of 
the strong motion area before described, the origin of the earthquake in ques- 
tion may be located to the N. of Jokoji and to the 8.E. of Matsuzaki, namely, 
some 2km. to the S.E. of the district office of Omachi, at the poimt marked 
PprTdige 2 CP ReUL 

On the other Land, in the 2nd earthquake, the directions of motion at 
the different places do not converge toward a common centre but are directed 
generally toward the east. Now an approximate parallelism or a more or less 
parallel symmetry of the direction of motion about a horizontal line may be 
taken as one of the consequences of the geological dislocation or fault forma- 
tion at the seismic origin. Further, in the present instance, there was no 
special difference in the intensity of motion at the Shimizu locality of the 
Tokiwa village and at the Matsuzaki and Jokoji localities of the Yashiro 
village, separated by a distance of about 6 km. to the N.K. from the former ; 
the shock in the meizoseismal area being reported as having been essentially 
horizontal. From these considerations the 2nd earthquake seem to have 
been caused by an underground disturbance having the line P, P, (fig. 2.) for 
its axis. From the direction of motion it may be assumed that the ground 
about the town of Omachi had been gradually pushed toward the 8.W. and 
reached the limit of stress, when the sudden dislocation finally took place, 
causing first a displacement toward the same direction, followed by a greater 
counter motion toward the opposite direction. ‘The vertical disturbance 
which accompanied this action, probably resulted in the formation of the 
cracks and the relative depression at Osaki and Shimizu. The origin (P,) of 
the lst earthquake is situated on the axial line P, P,. The main centre of 
the 2nd earthquake, whose focus extended over the whole length of the latter, 
seems to be the vicinity of the point P,. The axis P, P, forms evidently the 
S.W. continuation of the Shinano-gawa valley earthquake zone (fig. 1). 

13. RECORDS OF OLD OMACHI EARTHQUAKES. ‘The town of 
Omachi and the vicinity suffered more or less from the great Zenkoji earth- 
quake on May 8, 1847, the great Ansei earthquake of Tokaido on Dec. 23, 
1854, and the Matsushiro earthquake on April 23, 1858. At the time of the 
first named earthquake, the Reishoji temple, on the flank of the sandy hill of 
the same name, 1}km. to the N.E. of Omachi, was overthrown and burnt. 
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At the times of the two latter earthquakes, the after-shocks lasted for several 
weeks, and the people of Omachi passed more than 10 days in temporary 
shelters. In these cases, however, Omachi has simply been affected by 
distant destructive shocks, and not by one properly belonging to the region 
about the town. As an instance of the latter may be mentioned the Omachi- 
sumi earthquake in the 4th year of Shotoku (1714). 

Earthquake of 1714. The earthquake occurred on April 28, 1714, at 
about 10 p.m., and was strong in the old so-called Omachi-gumi, or the 
district under the jurisdiction of Omachi, which included 54 villages in the 
northern part of the Kita-Atsumi county (province of Shinano) to the east of 
the river Takase; the total amount of damage amounting to 300 houses 
totally or partially destroyed, and 56 persons and 46 horses and cattle killed. 
The motion, which was felt strongly also at the city of Matsumoto, proved 
destructive at places between the lake of Aoki and the boundary of the province 
of Echigo in the narrow valley stretching northward from the plain of 
Omachi through the region of the lakes of Kizaki, Nakatsuna, and Aoki, to 
the course of the river Hime-kawa. In Chikni-mra (FEI) the mountain 
flanks at Tsubono-sawa CFZ#) slid down and buried the houses and the 
cultivated fields, killing 30 persons and 8 horses and cattle. At Horimouchi 
(Hii2 A), 48 houses were destroyed, killing 14 persons and 86 horses and 
cattle. The number of the houses destroyed was 2 at Uchu (4'PAT'P)D ; 
4 at Kruma-mra CRSA); 4 at Miyamoto; 6 at Kdarise (LHF) ; 
and 2 at Yoshiwo (Al#tHJ/é°. The Hime-kawa was inuandated, washing away 
several houses. The earthquake origin seems to have been situated about 
10 km. to the N.N.E. of the lake of Aoki. 

Tiyama and Matsushiro earthquakes. Four and half years later took 
place on Oct. 5, 1718, a local destructive earthquake which caused damage at 
and about the town of liyama in the extreme N.E. part of the province of 
Shinano. More recently there occurred on April 23, 1858, at 8. A.m. another 
local shock, some distance to the $.H. of the city of Nagano, which caused 
damage at and about the town of Matsushiro. These two shocks must have 
been geographically related to the Omachi-gumi earthquake of 1714, although 
the origins were mutually apart by distances of 35 to 50 km. 

14. ZENKOJL CATASTROPHE AND SHINANO-GAWA VALLEY 
SEISMIC ZONE. The Shinano-gawa valley forms an active seismic zone, 
along which occurred recently in succession the three great earthquakes of 
Sanjo, in Echigo (1823), of Sado and Uzen (1833), and of Zenkoji (1847)*. 


* See the Bulletin of the Imp. Earthq. Inv. Comm., 1, No. 3, and 2, No. 2. 
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Of these the last was an extensive and an unusually violent seismic dis- 
turbance, being much greater than the two others. 

15. LOCAL DESTRUCTIV2 SHOZKS AND THE SEISMIC ZONE OF 
HIME-KAWA AND TENRYU-GAWA. Beside the three great earthquakes 
mentioned in the preceding §, there were other strong shocks in the province 
of Shinano, as indicated in the following table. 


Date. Strongly Shaken District. 


[Earthquakes in Recent Years.] 


(a) July 28, 1886. Minuchi (and Higashi Kbiki, in Echigo). 

(b) Jan. 7, 1890. Kami-Minuchi, Higashi-Chikma, Kita-Atsumi, Sarashina. 
(c¢) Jan. 17, 1898. Kami-Takai, Kami-Minuchi. 

(d) Jan. 22, 1899. Suwa, Kami-Ina, Higashi-Chikma. 

(e) Aug.17, 1912. Ueda and vicinity. 


ee er 
[Earthquakes in Old Times. § 14] 


(f) April 28, 1714. Omachi-gumi, in the N. part of Kita-Atsumi District. 
(gy) Oct “tk 17 18. Tiyama and vicinity, 
(h) April 23, 1858. Matsushiro and vicinity. 


OB EAN as 2 etl A Ra a A, 

All of the earthquakes above tabulated were of the catagory of local 
destructive shocks and far smaller than the Zenkoji earthquake of 1847. 
The origins of the three disturbances (b), (d) and (f) belong together with that 
of the strong earthquake of May 18, 1917, in the Shizuoka prefecture, to an 
earthquake zone extending in the N. and §. direction along the courses of the 
rivers Hime-kawa and Tenryu-gawa flowing respectively toward north and 
toward south, on the eastern base of the high mountain range of the Japan 
Alps. This Hime-kawa and Tenryu-gawa seismic zone is much weaker in 
-energy than the Shinano-gawa valley seismic zone. 

16. RELATION TO THE ZENKOJI EARTHQUAKE. ‘The great 
violence and extension of the Zenkoji earthquake of 1847 was probably due 
to its occurrence at the intersection of the two seismic zones of the Shinano- 
gawa valley and of the Hime-kawa and Tenryu-gawa valley, and it is note- 
worthy that the origins of all the other seismic disturbances in the province 
of Shinano tabulated in the preceding § were situated around the area of the 
; Strongest motion of the Zenkoji earthquake. In other words, the latter forms 
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a seismic disturbance of fundamental or primary importance causally related 
to the other destructive earthquakes, both recent and old, which may be 
regarded merely as geotechtonic events of secondary or auxiliary magnitude. 
We may presume, therefore, the Zenkoji.earthquake to be equivalent to the 
removal of the main seismic instability existing in this part of the earth’s 
crust, such that the future destructive shocks in and about the region in 
question will be local in nature and not be excessively violent in intensity. 
The two Omachi earthquakes on Noy. 11, 1918 also belong to the same class 
of the seismic manifestation. The frequent occurrence of the comparatively 
strong after-shocks in the present instance may probably be traced to the 
secondary nature of the two chief earthquakes themselves. 

17. DESTRUCTIVE MOTION AREA. The area within which took 
place more or less damage to buildings, cracks of the ground, landslips, etc. 
extended to the lake of Kizaki and the village of Aogai on the north, to the 
river Sai-gawa on the east, to the Tokiwa-mra and town of Ikeda on the south, 
and to Rikgo-mra and Aisome-mra on the south-east. The maximum 
extension was 26 km. in the N. 8. direction from the valley districts of the 
lakes of Kizaki and Aoki and of the Takase river to the eastern hills of 
Tertiary formation, and to over 16 km. in the H.W. direction from the Sai- 
cawa to the granite mountains to the west of Omachi. To the west of the 
Takase-gawa, the ground is hard and is composed of sand and granite masses, 
the shock being there light except in the vicinity of the epifocal region. 

Outside the above-mentioned area, slight damage was produced in a few 
places, as follows:— At Minuchi-mra, Kamiminuchi district, some roof tiles 
fell down, wall plasters were shanken off and sliding glass doors were thrown 
out of their grooves, while at a place called Kokra was formed a ground crack 
20 ft long and 2”.5 wide. At Miyamasato (Hisato-mra) in the same district a 
two-story dozo ware-house 12! x 24’ in size was thrown down. At Ooka-mra, 
in Sarashina district, some rock masses were detached from cliffs by the 
earthquake at 4 p.m.; no damage being done, however, to buildings. It is likely 
that the Minuchi-mra localities, lying to the N.E. of the epifocal area of the 
Omachi earthquakes, were shaken with a comparatively strong intensity on 
account of their location on the Shinano-gawa valley seismic zone. 

18. AREA OF SENSIBLE MOTION. The shock at 3 a.m. on Nov. 11, 
1918 was strong within a circular area, about 75 km. in diameter, extending 
from Iiyama on the north to Matsumoto and Shiojiri on the south, and from 
the vicinity of Komoro on the east to the confines of the Japan Alps on the 
west. The motion was, however, felt slightly or weakly within a long narrow 
zone stretching on the whole along the valleys of the rivers Shinano, Kiso,. 
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Fig. 11. Positions of the Epicentres of the Two Destructive Omachi Earthquakes on Nov. I1, 1918, 


determined from the Tromometer Observations in Tokyo. 


Ihe. of of 2nd 5 


eRIKOLZEN & 
&, 


ene Ps 


“TSHIMOTS 
) 


Yi) 

Yi 

OOmachi 
Cedar 


RRR 
WW 
J 


LGD }}}||1 N° | 
Yi} }}} | | 
are ( 


| 
WY 
yyy Why} 


Pini 
Fig. 12. Positions of the Epicentres of the Two Destructive Omachi Earthquakes on Nov. 1, 1918, 


determined from the Tromometer Observations at Nagano. 
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The curve AA indicates the area of destructive motion. 
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and Tenryu, for the extension of about 450 km. from Niigata on the north to 
the provinces of Owari, Mikawa, and Totomi on the south. This marked 
elongation of the earthquake area was probably due to the facility of the 
seismic propagation along the Shinano-gawa valley and the Hime-kawa and 
Tenryu-gawa seismic zones. ; 

The strong earthquake on Jan. 12, 1919, at 10 p.w., which caused some 
damage at Hamamatsu, Shizuoka and the vicinities, originated in the 
Tenryu-gawa valley at the central part of the province of Totomi, immediately 
to the south of the centre of the destructive earthquake of Shizuoka prefecture 
on May 18,1917. These two disturbances together with the two Omachi 
earthquakes under consideration indicate the seismic activity manifested from 
different points of the Hime-kawa and Tenryu-gawa zone. 

19. SOUND AREA. (Fig. 14.) It was quite characteristic of the Omachi 
earthquakes of 1918 that their numerous after-shocks were always accompanied 
with marked meédo, or earth-sound like that caused by a heavy weight 
falling on the ground or like ‘a distant booming of gun discharge, when per- 
ceived in the valleys of the Nogu-gawa and the Takase-gawa, nainely, 
at the village localities of Matsuzaki and J okoji (Yashiro-mra), Ippongi, 
Shimizu and Osaki (Tokiwa-mra), and northwards at Mori and Inao around 
the lake of Kizaki. It was found out, however, that the earth-sounds could 
not be heard at several places on the hilly region forming the eastern boundary 
of the above-mentioned plain of Omachi. Thus at the Kirikbo (Yasaka-mra), 
only the strongest after-shocks were accompanied by a feeble rushing sound 
like that of wind blowing, but none was accompanied by a meido. Likewise 
no meido was heard at Chishanota, Tabata, Soyama, and other districts lying 
to the north of the last mentioned place. Going westward from Soyama, the 
meido could be heard first at the Norikoe path on the southern flank of the 
mount Reishoji. Northwards from Soyama no meido could be heard even at 
Ohshio ; neither was it perceptible at Shingyo (Mima-mra) 6 km. to the N.W. 
from the latter. At Tera, however, midway between these two places, the 
meido could be distinctly heard. Thus, in the case of the present Omachi 
earthquakes, the area of the sound perception was clearly demarked from that 
of the non-perception ; the boundary, as shown in fig. 14, coinciding on the 
whole with the line separating the diluvial formation of the western edge of the 
hilly segion at the eastern limit of the Omachi plane and the Tertiary formation 
adjacent on the eastern side. To explain this phenomenon, it is to be 
remembered that the seismic meido, unlike the detonation of a volcanic outburst 
made up of sound waves of air, 1s composed of the minute vibrations of the 
ground sufficiently quick to be audible to human ears. Now the after-shocks 
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* 
Fig 13. Diagrammatic Section representing the Geological 
Formation of the District about Omachi. 


One Omachi Plain. G...... Granitic Mountain on the West. 
D, T...Respectively the Diluvial and the Tertiary Hills on the East. 
CO eres Principal Centre of the After-shocks. 


under consideration had their main centre at about 4 km. to the 8. W. of Omachi 
(C in fig. 18). As the focal depth was shallow, the minute earth vibrations were 
propagated into, and caused the meido on, the diluvial hills on the east side. 
These were, however, prevented from penetrating sufficiently into the com- 
paratively hard Tertiary formation, resulting in the absence of the mezdo on 
the region further eastward. Had the seismic origin existed among the 
Tertiary mountains on the east side, the metdo would naturally have been 
percieved strongly there. | 

20. AFTER-SHOCK FREQUENCY. Table V give the hourly frequency 
of the after-shocks of the.destructive earthquakes on Nov. 11, 1918, registered 
with a tromometer at the meteorological observatory of Nagano. As the latter 
place is distant 35 and 39km. respectively from the centres of the two 
destructive earthquakes, the list in the table does not contain very small ones 
among the after-shocks. Still the seismic frequency at Nagano on Nov. 11 
amounted to 190 ; the daily numbers for the two next days being respectively 
69 and 50. (See Table IV.) The frequency quickly decreased and was reduced 
to about 10 or less, totalling to 416 in the course of the 20 days between the 
llth and the 30th of the same month. The daily frequency for Omachi, 
given in Tables IV and V, are based on the reports from the Omachi police 
station, dating from Nov. 15, which were limited to the sensible shocks and 
do not include the cases of mere earth-sounds. Yet the daily frequency 
between the 15th and the 18th (Nov.) was from 25 to 35, aggregating to 112. 
The total earthquake number tromometrically registered at Nagano during the 
same 4 days was only 35, or less than 1/3 of that for Omachi. Thus it is 


OK ORO CA OR 


KEMPE Ol MERE, ST Net CSE Kae Ok IK) OK OK EK ee Sec Se 


x 


PRE a cet eC AN NaS ok 


EK Pe EC ae oe 


SMC SE SG 


x 
Kuw. 
sR a See Gal au 


Fig. 14. Map showing the Area of Audibility of Seismic Sounds in 
the vicinity of Omachi in the days following the Two 
Destructive Earthquakes on Nov. 11, 1918. 


SSiozes: The Demarkation Line to the west of which the Sounds were head, 
but to the east of which the Sounds were not perceptible. 
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probable that the number of the sensible shocks and sneido at the latter place 
was over 600 or 700 on Nov. 11, and over 300 or 400 on the next day. 

The strong after-shocks clearly registered on the tromometer at the 
Seismological Institute in Tokyo are indicated in Table IL. 


Table Ill. List of the Strong After-shocks. 


Tokyo Observation. 
No Date. 
Time of Occurrence. Maximum Motion. 
lg SS ae sah 
A | Nov. 11. 23 SDS") 452M: 3 tear ieee 1st Destructive Eqke. 
1 ” foe pe Ue Me tag Iie O92 
B ” A ALOR ee i loys Renee ane 2nd Destructive Eqke. 
9| Nov. 12 | 0 02 Q26am.| 0.23 
3 ” 3 384 23>P.™. 0.007 
4 ” LOM Otol ss 0.068 
5 | Nov. 138. 0 OO 46 a.m. 0.006 
6 ” Ses ee Oe os 0.070 
Thc ah dete AO. Lae ea OL 
8 rs fA gsse eet cevaey 018 
9} Nov, 1a 2eO visy, eee eels 
10 | Nov.20. | 9 48 55 , | 0.020 
11 | Nov.88. 194 S56en bb. mn Os200 
12 | Nov. 26. 4 05" 2G 2M 0.052 
13 ” De TIO TEs 0.118 
14 r 10 44 59 ,-| 0.012 
15 | Dec. 1 AN LS Ola me eUOLg 
16 | Dec. 14 5 384 438 P.M. 0.240 
17 | Dec. 21 tom ae SOO ae 0.280 


At Omachi, this was felt pretty severely and: 
resulted in damage to porcelain, some people 


41919 trying to run out of doors. In Tokyo the 
a pulsatory oscillations which existed at the 
18 hous hae 6 15 00 ,, time confused the record. Yet it is clear 


that this shock was not so large as Nos. (2), 
(11), (16), and (17). The origin was probably 
right under the town of Omach1. 
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According to the Table III, excepting (1)-which succeeded immediately 
the Ist destructive earthquake (A), the strongest after-shock was (17) which 
happened on Dec. 21st, namely, 40 days after the commencement. The three 
previous shocks (2), (11), and (16), were somewhat smaller. All these different 
disturbances, though not destructive, were fairly strong at Omachi and the 
vicinity. The occurrence of the predominant after-shocks is probably due to 
the general stress accumulation in the region to the 8.W. of the meizoseismal 
area of the Zenkoji (1847) earthquake, the neighbourhood of the epifocus of a 
great destructive earthquake becoming frequently the seat of small local 
destructive shocks. 

21. FREQUENCY FLUCTUATION OF AFTER-SHOCKS. [rom fig. 
19, based on Table V, it will be seen that the daily frequency of the after-shocks 
observed at Nagano and Omachi was rather greater with high barometric 
pressure. Again, from fig. 17, which illustrates the course of fluctuation 
in the hourly seismic frequency observed at Nagano on Nov. 11th and 12th, 
it will be noted that the after-shocks of the destructive earthquake on the 
11th, at 3 a.m., reached the maximum already between 7 and 11 o’clock in 
the same morning ; the subsequent increase in the frequency being evidently 
preparately to the 2nd destructive earthquake at 4 p. M. on the same day. 
The number of the after-shocks which took place during the 7 hours subse- 
quently to the occurrence of the 2nd destructive earthquake was 105, while 
that for the 1st destructive earthquake during the equal time interval was 57. 
These two numbers are in the ratio of 2: 1 nearly. 

Fig. 18 shows the quick rate of decrease in the daily frequency of the 
after-shocks observed at Nagano. 

22. DIURNAL FREQUENCY VARIATION. Figs. 15 and 16, based 
on Tables III and IV, illustrate the diurnal frequency variation of the atter- 
shocks at Nagano and Omachi respectively. The list of the shocks prepared 
by the Omachi Police Station, not being the result of an instrumental obser- 
vation, is to be regarded as not furnishing proper material for the study 
under consideration. The instrumental observation at Nagano made subse- 
quent to Nov. 12, 1918, indicates the principal frequency minimum between 2 
and 3 p.m. and another betweea 2and 3 a.m. It was just at these minimum 
frequency hours of the day, that the two destructive earthquakes took place. 
According to the tromometer observation in Tolcyo, the 18 strong after-shocks 
registered there indicate a diurnal frequency variation similar to that for Naga- 
no, being more numerous about noon, midnight, 4 A-M., and 5 p.M., as follows : 
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Hour. 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 


AM | 3 0 0 2 0 0 0 1 2 
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Diurnal Variation of the Frequency (=y) of the Omachi After-shocks. 
Fig. 15. 
od 
0-1 74 AM ta 232M T8 The 

Fig. 16. 
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Fig. 15. Earthquakes instrumentally registered at the Nagano 

Meteorological Observatory. 


Fig. 16. Sensible Earthquakes observed at Omachi Police Station. 
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Table IV. Diurnal Distribution of the Omachi After-shocks. 


nnn 


Earthquakes instrumentally registered Sensible Eqkes 
at Nagano Meteor. Observatory.* observed at Omachi 

Hour. Police Station, 

Nov. 11, 1918. es adil pene i918, 
O — 1 a.m. | Ves) 18 
1— 2 11 13 
ieee: 1 9 14 
3 —A4 29 9 9 
Te ae: 14 i 8 
5 — 6 2 5 ) 
Goi 4 18 12 
7—8 1 6 16 
8 — 9 6 jal 15 
9 —10 1 14 13 
10 —11 i} 15 19 
iL —}9 5 24 18 
(i=l or 6 11 12 
1—2 1 9 12 
Jere i 5 17 
74 7 13 20 
Ao 29 17 12 
soa he 29 15 99 
Rae 14 21 96 
7—8 q 11 23 
8 — 9 9 9 23 
9 —10 7 13 1% 
Qe UL 7 iI 27 
11 —12 ri 7 28 
Total 190 | 296 403 


* The frequency given in this table is the result of a careful re-examination of the 
original Nagano tromometer diagrams, and is in some instances higher than that reported by 
the Nagano meteorological observatory. 
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Table V. Mean Daily Barometric Pressure at Matsumoto compared with Daily 
Frequency of the Sensible Earthquakes observed at the Police Station of 
" Omachi and of the Earthquakes registered instrumentally at the 
Meteorological Observatory of Nagano. Noy. 1918—-Feb. 1919. 


Barometric Pressure at Matsu- Sensible Earth- Eqkes instrumentally 


moto. 700mm + quakes at Omachi. registered at Nagano,* 
i 1918 1918 1919 1919 HOLS) 1918") LOTOS | LOLS SLOls a LOT OMe oie 
XI XIL I II XI XI I XI XII Tt II 

1 9.20.29 516.0 6 ec lovs 6 2 2 0 
OM 16a ad, ves 5.0 | 16.5 7 2 1 2 O 
81228) SEDO eo a la) a 2 3 2 0 
4} 17.1) 154 9.4 6.0 6 2 2 3 i 
5118384 14:3 bel elas 3 i} 1 i 0 
6| 60] 14.5 16.1] 20.8 eh ye eine e 
Til 1O.d°) 1035 fetes 3 2 0 0 
8 | 12.8 8.5 | 18.2) 14,1 i 0 0) 0 
9) 18.97) VLOG Was eid 4 3 2 L 
10 9.8 |alb: Oh el eet 7.5 1 0 2 2 
1115141) 92) Mog ekow Lf 1) 118), eee 
12 | 20.5 4.3 44) 14.5 9 1 69 2 O 0 
-13 |. 24.1 9.6 4.7 |19.8 3 50 2 0 1 
14] 128 5.3 | 11.2 hal 6 12k 1 0 
Ld | 13.38 8.6 {| 11.8 | 14.8 7 925 5 3] 14 2 1 0 
16,0178 4 14:5 (13:3 7 Olea ee, 0 12 0 0) 0 
171014497 14.0 15.7 Pe ogee 0 2 4 0 I 0 
18 92 01615 ff 16.35) mel 5 1 7 ti 0 0 
19 yh Ui 5.3 5.6 7 2 } 0 0 1 
20 | 14.4 | 12.5 5.0 anna) 15 1 8 0 1 0 
Q1] 16.4; 17.2 4.3; 128] 18 5) 7 3 5 2 0 
92,1 11.7 | 14.5 Gal 5. aa 6 1 4 6 if 0 
23 8.5 | 12.411 (12.7 3.5] 16; —}] — 5 ] 0 1 
B4) 99) 166) 14.5) 070 1 7 ed en ee 
25.1 12:7 | 15.6 9.9 7.3) 19); —|] — 6 2 0 0 
96 | 143 | 18.0;| 18.2) 116] 24) —}) — 9 0 0 1 
Oe) 1S. ply 148 Le ee 8 0 4 0 
QB 16H A 1D lacs 9:2} 10) — Pp — 4 0 0 1 
29 | 22.5 | 12.2 | 14.5 5 2); — 4 0 oO; — 
30 | 21.6.) 186) 123 6 6]; — 3 2 1); — 
3] 1/ —] — 0 0}; — 
Total 52 | 28 9 


* The frequency is the daily number of earthquakes reported by the Nagano Meteoro- 


logical Observatory. 
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Hourly Frequency of the Earthquakes instrumentally registered 


Table VI. 


Noy. 11-30, 1918. 


at the Meteorological Observatory of Nagano. 
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Palen =) ee ah ee ee eee S OSS 50 aS. eee 
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Hourly Frequency of the Sensible Earthquakes observed 


at the Police Station of Omachi. 


Table VII. 


Nov. 11-30, 1918. 
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Fig. 18, 24-Hour Frequency Variation of the Omachi After-shocks registered 


instrumentally at the Meteorological Observatory of Nagano. 
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23. ORIGIN OF THE AFTER-SHOCKS AND METDO. 
stay at the Omachi districts, Nov. 14 to 20, and Nov. 28 to Dec. 5, 1918, I 


have perceived 155 after-shocks whose daily frequency was as follows :— 


During 


my 


Dit oe Date ee 
Nov 1 4tlie an eee 15; rua) Dec:, [stat 2, 

15th 32 2nd 6 

16th 30 3rd 3 

17th 24 Ath 4 

18th 18 5th eee 

19th 13 

20th 7 


‘The sensible after-shocks were very sharp in nature. Hach began with an 
earth-sound or “ meido,” dén or ton like the noise caused by the fall of a heavy 
body on the ground, or dodo...... like the peal of a distant thunder, followed 
immediately after by quick vertical earthquake tremors apparently emanating 
from under the feet of the observer ; the accompaniment of the horizontal 
conrponent being often insignificant. ‘The time interval between the initial 
earth-sound and the principal movement, or the duration of the preliminary 
The duration of the 


sensible earthquake motion was also short, varying mostly from 1 to 3 sec., 


tremor, was judged to be mostly from 0.5 to 1.0 sec. 


as follows :— 
Duration of sensible Number of Duration of sensible Number of 

motion. cases. motion. cases. 

under | sec. 6 5 sec. 5 

1 sec. Ly Os 2 

2 ’ 13 7 ”? 2 

Te pe 17 Oa, 2, 

4 “ 3 


At Omachi, the meido were most frequently heard toward the S.W. At 
Matsuzaki, Jokoji and other places on the hilly districts to the east of the 
Omachi plain, these were heard toward the 5.W. or the N.W.; in the neigh- 
bourhood of the lake of Kizaki in the north, toward the 8S. or the §.8.W.; in 
the vicinity of Ippongi in the south, toward the N.W.; at Nagahata, Osaki, 


The Omachi Earthquakes of 1918. I. 81 


Nakahara, and other places in the hilly districts to the west of the Omachi 
plane, toward the 8., S.E., or N.N.W. The direction observation may be 
summarized as follows :— 


Cmachive sever hye hirer coirtess 8's Mostly 8.W. 

Immediately to the south of Omachi....5.60°W.; W.N.W.; W.S.W. 
Vicinity of Takase Bridge ............... N.; N.W. 

a paterat cr Maree ON i ae ee PR don eran N.W. 


E. shore of Lake Kizaki (B#IXK)...... 8.15°W.; S.15°W. 
S. end of Lake Kizaki 2A a eit). ..S. 


(QU Seat hie Arete BEN Af NtoS 

LEPC CEA Di hg 7 contre ate SPAM 2 0. N.E.; N.E.; 8.30°W.; S.60°W. 
ESN ate 2 ee ee ee an etcen C S.60°W.; S.40°W.; S.W.; N20°W. 

SURE PRM eo NM gecucas dc Cyacurctpe te 4 N.W.; N.40°W. 

IN GS hg fee aie Shige) Fs. ae 5.5.1. 

Clonee mye | ts. 5. leo Sen eg 5.10°E. 

US LO A i a Re I eer N.; N.W. 

SI... Sse Sea ee eee ereee N.70°W. 


The principal origin of the after-shocks and meido were located in the region 
lying to the 8.W. of the town of Omachi, and did not necessarilly coincide 
with the centres of the two destructive disturbances themselves ; it being 
generally true that after-shocks occur most abundantly in the immediate 
neighbourhood of the epifocus of a great earthquake. 

24. TROMOMETER OBSERVATION AT OMACHI. ‘Temporary seis- 
mographical observation of the after-shocks was made during the 9 days 
between Nov. 27th and Dec. 25th, 1918 by means of a portable horizontal 
pendulum tremor-recorder set up on the concrete floor of the Coronation 
Memorial Hall in the compound of the Kita-Atsumi District Office, in Omachi. 
The observation work was carried on by Mr. Y. Takahashi, mechanic of the 
Seismological Institute, and Mr. J. Nishizawa, director, and Mr. M. Kawazoe, 
observer, of the Nagano meteorological observatory. 

The result of the observation is summarized in Table VIII, from which 
it will be seen that the duration of the preliminary tremor was sometimes 
absolutely zero, but in many cases it was about | sec., signifying that the 
distances of the after-shock origins from the town of Omachi varied mostly 
from 3 to 7 km., with the mean of 5.0km. The very first displacement of the 
preliminary tremor was generally directed toward the N.E. or N.N.E., which 
fact, combined with the observations relating to the after-shocks and the 
meido, indicates that these latter originated at places about 5 km, principally 
to the §.W. or W.S.W. of Omachi. 


1st Displace- 
ment of Prin- 


cipal Portion. 


Duration 
of 


Prine. | T'otal 
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Table VI. Summary of the Tromometer Observations at Omachi. 
R=Distance between Omachi and Eqke Origin. 
Max. 2a=Maximum Motion. 
Duration 
a | peer’ | Pea nae 
Occurrence. Tremor. 
.W.| N.S E.W. |_ N.S. 
29, Nov. 
9.30 at. 10.9 [0:9 | 5:4 | 0.066) 0.045] 0.012->N70°R 
LEAS — |1.1 | 6.9] 0.044} 0.034 a 
5.58 p.m. | OP | OF | OF | 0.013) 0.022 —— 
6.30 ,, {1.01.0 | 6.0]0.044]0.040| > nasen 
30, Nov. 
6.57 a.m. | 1.8 | 1.8 |8.6 |0.017| 0.025} 0.005->Nv2°h 
7.30 ,, |1.0 |0.9 | 5.4 | 0.047] 0.034] 0.007>N73°E 
9.48 ,, |0.6 | 0.94! 3.6 | 0.058) 0.047 —- 
AAS age 0 | O | O {0.088} 0.034) 0.016>N45°W 
i, Dee. 
4.10 am, | -—— |0.77) 4.6) — | — | 0.149->N75°W 
5.00 ,, | 0.96) 0.70} 4.2}0.15 |0.18 | 0.006+Ns59°E 
0.15 p.m. | 0.93} 0.93) 5.6 | 0.055] 0.034} 0.004->N14°W 
6.35 ,, | 1.00} 1.00) 6.0/0.15 | 0.13 | 0.010+Ne4°w 
2, Dec. 
2.48 a.m. | 0.58} 0.58] 38.2|}0.13 |0.12 | 0.015>871°E 
83.00 ,, |0.80} — | 4.8}0.051]0.05]1| 0.0125 
4.15 ,, |1.00) 0.90) 5.4 | 0.035] 0.032} 0.014>N69°E 
10.38 ,,. | — |0.96| 5.8|0.035/0.015] © —— 
4.00 p.m. | 1.10) 1.10! 6.9 | 0.015} 0.006] 0.010+N82°E 
7.00 ,, |1.40}0.80} 4.8 | 0.020} 0.013] 0.003-> Ns9°E 
8.39 ,, | 0.88) 0.88) 5.3 | 0.039] 0.035] 0.012>Ne66°E 


Port. Eqke. 
mm. 

0,017 >> S36°8) . |, at ee 
0.030—> S46°R) bite) ee 

sec. 
0.020->N43°E at 
: sec. 
0.020 N45°W | — | 4.0: 
sme Ot 
— ihe 
se OT = 
0.026-> 871°E 2.3) — 
0.156->N46°W | 8.0] 9.0: 
eer Lil) ae 
A 0:6}. — 
0.015 N71°E 0.3) —= 
ave is We pee 
> N45°E 2.0} — 
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Duration 
f Preli- i 
Time rs Max. 2a 1st Displace- Ist Displace- Pupanen 
of Tremor. R ment of Prel. ment of Prin- 
Occurrence. Tremor. cipal Portion. E 
E.W.| N.S. E.w.| NS. ; Prine. | Total 
Port. |Hqke. 
3, Dec. 

‘ sec. ec, km. mm. mm. mm. mm, sec. sec. 
7.23 a.m. |1.10) — | 6.9] 0.085] 0.082) 0.016+N72°E | 0.099->Ne6e°E | 1.6) 3.5 
7.41 ,, |0.81/0.52) 3.1] 0.272) 0.155] 0.012 >Ne26°E ———— Sal O ee 

4, Dee. 
: | 
Sle) pw. 11:37 1.39] 9.0 | 0.155 0.260] 0.020>N41°W | 0.178>S29°W | 5.5) 8.0 


25. LEVELING SURVEY BETWEEN MATSUMOTO AND ITOI- 
GAWA,. It is well known that the great Mino-Owari earthquake of 1891, 
the Usu-san eruption in 1910, and the Sakura-jima eruption in 1914 were 
accompanied by remarkable vertical and horizontal displacements of the 
ground. In the province of Shinano, noted for its volcanic and seismic 
disturbances, there were within comparatively recent times the eruptions 
of the Asama-yama and the Yake-dake and the great seismic catastrophe of 
Zenkoji (1847). It seemed likely that the present Omachi earthquakes, which 
occurred in the valley skirting the eastern base of the heavy mountain range 
of the Japan Alps, might possibly have been accompanied by vertical and 
horizontal disturbances in the earth’s crust of the focal region. As a part of 
the investigation in this connection there has been instituted, through the 
liberality of the Imperial Academy, the height revision of the 56 bench 
marks for the distance of 111.7 km., beginning with B.M. No. 2873 
in the city of Matsumoto in the south, thence proceeding northward and 
reaching B.M. No. 2928 in the town of Itoigawa on the coast of the Japan 
sea ; the survey work having been finished in the course of 81 days between 
June 20 and Sept. 9, 1920. The southern portion of the line of the precise 
leveling is laid through the plane ground, for the distance of 40 km. from 
Matsumoto to the north of Omachi. Thence the valley narrows and there is 
formed for the distance of 8 km. a series of three high elevation lakes of Kizaki, 
Nakatsuna, and Aoki. The Sano-saka at the northern flank of the last named 
lake forms the water-shed, thence the valley of the Hime-kawa leading north- 
ward to Itoigawa. (See fig. 20.) 

I must here state my obligations to Major-General H. Matsumra, 
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Director, Colonel R. Terae, Chief of Triangulation Bureau, and Mr. Y. 
Hiraki, surveyor, of the Military Survey, who accorded me various kind 
assistances in this as well as in several former occasions connected with the 
examination of the topographical changes caused by the seismic and volcanic 
disturbances. My special thanks are due to Mr. Yoshitoki Ogata, assistant 
surveyor in the same department, who has carried on the actual leveling 
survey work. 

Notes on the bench marks. The bench marks between Matsumoto and 
Itoigawa were first set in the years 1891 to 1893, with the exception of Nos. 
2906 and 2908, as follows :— ‘ 


B.M. 2878 (Matsumoto) _. set in 1893. 5.M; 2908.10 Glee reset in 1906. 


9874-2895 ......... ye BOI 2909-2910 reexamined in 1906. 
2896-2905 ......... , 1892. 9911-2918.;.. nae set in 1892. 
DS06 4 neces reset in 1906. 9916-9997. nena ae 

O90 hus santa set in 1892. 2,928 (Itoigawa) 3 nTR98! 


Of the different bench marks, Nos. 2906, 2919-2921, and 2912-2916 had been 
swept away by floods or buried in soil, while nineteen others suffered some 
inclination or were slightly damaged, as follows :— 


List of the Damaged Bench Marks.* (Notes by Mr. Y. Ogata.) 


5M. Damaged Condition. Remark. 


2873 Buried 0’,6 under ground. of the filling up of the road. The vici- 


{ot city ground; buried in consequence 
nity had originally been a puddy field. 


74 Slightly inclined toward the east- f In city of Matsumoto; on the side of a 
28 


ern side, where there is a ditch 4’ Pies with a telegraph post at the dis- 


deep. tance of 2 feet. 


The top of the B.M. stone damaged 
9875 {ey G hot 


In the town of Toyoshina. The locality 
2879 { Exposed 1’.8, with the top spherical |J of the B.M., originally a mulberry field, 


(portion broken 8 mm. has since been converted into town 
streets. 
2880 Toslined ae (Situated only 2’ distant from a manure 


\ reservoir. 
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B.M. Damaged Condition. 
9881 Poa pe, uplifted, with a slight 
2883 Inclined about 11°. 

2885 ” Be. 


2886 Inclined about 8°; top portion 4 
mm. broken. 


2888 Inclined about 10°; top portion 4 
mm. broken. 

2892 Exposed 1’.8 above the ground. 

2893 Inclined about 10°. 

¢ ‘ Inclined about 8°, with an ex- 

2903 Vea of 1.8 above the ground. 

2905 Do. 

2906 Carried away by flood. 

2910 Top portion 4 mm. broken off. 

2911 Buried 0.6 deep in the ground. 

2918 fLost in consequence of new road 


(making. 


Buried in consequence of road 
2919-21 em or carried away by flood. 


20 Top spherizai portion 41mm. 
2922 {; 
oroken off. 


2927 Taclined about 20°. 


Remark. 


Probably removed by subsequent road 
and ditch makings. 


with a fish pond a tew feet further east- 


{with'a 8 at the eastern side ot a road, 
wards. 


On a road with puddy fields on both 
sides. 


On a road with houses on both side. 


an inclination in E.W. direction. Due 


{a the town of Omachi, the road having 
probably to the denudation of the soil. 


On road with puddy fields and ditches 
on both sides. 


On a road, with puddy fields on both 
sides, 4 lower in level. 


”? 


On road, with a mountain slope on the 
south and overlooking a river on the 
north ; due probably to the falling down 
of sand and earth. 


On road, with puddy fields on both 
sides. 


Re reer 


* The five B.M. Nos. 2912-2U16, have been restituted in the course of the present survey. 
The damage done to the top of the B.M. stones was evidently due to the passage over 
them of the wagons in winter times when the depth of snow accumulation on the road 


became equal to their height. 
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26. RESULT OF THE LEVELING SURVEY. ‘Table IX contains 
the results of the height determination of the bench marks along the line of 
precise leveling between Itoigawa and Matsumoto. If the B.M. No. 2873 in 
the latter city be assumed to be unchanged in height, then the B.M. No. 
2891 in the town of Omachi had the maximum elevation of 189.6 mm., while 
the B.M. No. 2928 in the town of Itoigawa on the Japan sea coast must have 
suffered a depression of 199.3 mm. If, on the other hand, the bench mark at 
Itoigawa be assumed to have remained unchanged in height, then the ground 
level at Omachi must have been elevated 388.9 mm. (See fig. 22.) Which- 
ever of these two hypotheses be true, it will be seen that in the south the 16 
bench marks Nos. 2873-2888 indicated no marked mutual height changes 
between the old and the new leveling survey. On the other hand, in the 
north, on the Japan sea side, the 21 bench marks Nos. 2928 to 2908 indicated 
a regular continuous mutual height variation. In other words, the tract of 
40km. in length to the south of the town of Itoigawa suffered, a relative 
northward depression at an average rate of 4 mm. per km., while there was 
no special relative height change for the distance of 30 km. northwards from 
the city of Matsumoto. It is, however, remarkable that the central tract of 
40 km. from the B.M. No. 2889 to B,M. No. 2907 indicated height dis- 
turbances distinct from that of either end portion. Thus, (i) the distance of 
about 14 km. from the B.M. No. 2889 to B.M. No. 2895 about the town of 
Omachi is an area of upheaval, the maximum elevation relative to the region 
adjacent to the south being about 19cm. On the contrary, (ii) the B.M. 
Nos. 2896 to 2907, for the distance of 26 km., to the north of the above 
mentioned elevation area, suffered a depression to the maximum amount of » 
6.6 to 8.7 cm when referred to the tract of 30 km. to the north of Matsumoto. 
The contiguity of the (i) elevation and the (ii) depression areas must be the 
result of the co-related mutual compensation of the upward and the downward 
displacements of the neighbouring portions in the earth’s crust. A similar 
relation was also found in the case of the great Mino-Owari earthquake of 
1891 which was accompanied by the well-defined dislocations of the ground in 
the mountainous districts amounting to 18 feet both in the horizontal and the 
vertical direction. In the plain of Mino-Owari, a zone of tract to the east 
of the line connecting the cities of Nagoya and Gifu was elevated, with the 
depression rigions on voth sides ; indicating a maxiuuim vertical disturbance 
of 1.19 m., of which 0.77 m. was elevation and 0.42 m. was depression. In 
the Omachi earthquakes, the total vertical displacement in the meizoseismal 
area was 0.2763 m., of which the elevation was greater than the depression, as 
was the case with the Mino-Owari earthquake. 


Bench ‘' 


Mark. 


2873 
2874 
287501) 
2876 
2877 
2878 
2879 
2880 
2881 
2882 
2883 
2884 
2885 
2886 
2887 
2888 
2889 
2890 
2891 
2892 
2893 
2894 
2895 
2896 
2897 
2898 
2899 
2900 
2901 
2902 


Table IX. 
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T. 


Precise Leveling between Matsumoto and Itoigawa: 


Comparison of the Heights before and after the 


in 


1920. 


588.4304 
584.7293 
575.8983 
589.6151 
587.0829 
576.1629 
557.0517 
540.2268 
539.9017 
535.2842 
542.3566 
557.8762 
575.5190 
597.7906 
621.7172 
647.9336 
678.6073 
704.3609 
707.5931 
729.8287 
754.0815 
765.3263 
766.4261 
789.7700 
825.5150 
823.4081 
812.0371 
746.7901 
736.2585 
722.9395 


(I) Height 


(II) Height 
in 
1891-3. 


588.4304 
584.7169 
575.7687 
589.6040 
587.0688 
576.1588 
557.0541 
540.2329 
539.8598 
535.2847 
542.3634 
557.8799 
575.5161 
597.8004 
621.7309 
647.9518 
678.5915 
704.2015 
707.4035 
729.6832 
754.0167 
765.3114 
766.4239 
789.8430 
825.6007 
823.4859 
812.1092 
746.8737 
736.3294 
723.0055 


Height 
Difference 
(1,-(I1). 


0.0 
Ee 


+ I1.1 
+ 14.1 
+ 4.6 


9) 
TS ide 


— 6.1 
4+ 41.9 
— 0.5 
— 68 
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Correction 
due to an 
abnormal 
condition 
of B.M. 


+ 1.0(2) 
fo OCd) 
0.0 
+ 8.0(2) 
+ 8.0() 
+ 5.0@) 
+ 5.0(2) 
+ 10.0°2) 
0.0 
+ 5.001) 
+ 5.0@) 
0.0 
+ 14.0G) 
0.0 
0.0 
0.0 
0.0 
+ 10.00) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


oT 


Corrected 
Height 


Difference. 


0.0 
+ 3.4 


= 9645 
— 137 
— 42 
+ 15.8 
+ 159.4 
+ 189.6 
+ 145.5 
+ 74.8 
-—- 149 
+ 2.2 
— 73.1 
— 85.7 
— 77.8 
— 72.1 
— 83.6 
— 70.9 
— 66.0 
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Bench 


Mark. 


2904 
2.905 
2906) 
2907 
2908 
2909 
2910 
9911 
2912¢*) 
2913) 
2914) 
Pas NES a) 
2916C) 
2917 
2918 
2919 
2920 
2921 
2924 
2923 
2924 
2925 
2926 
2927 
2928 


(I) Height 
in 
1920. 


2903 


711.4931 


698.0724 
664.6884 
613.9520 
583.9508 
549.5823 
516.6509 
482.1895 
461.0680 
491.3754 
415.9726 


"383.0582 


386.6180 
410.7305 
263.1486 
227 2336 
201.6372 
164.8008 
134.4600 
108.4254 
89.5664 
71.6212 
50.5236 
31.8148 
18.2487 
8.8839 
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(II) Height Height 
in Difference 
1891-3. (I)-(I). 
711.5878 || = 94.7 
g981040 | — 79,5 
664.7772 | — 88.8 
VGA Ie | see 
584.0165 | — 65.7 
54g3G156, Hise 
516.6947 | — 43.8 
482.9619 | — 72.4 
AGI 80 
449} S155 ype eee 
200 26200 Hi neeaeese 
BTL AOOMM WG eee 
46.710 ee 
B17G00In) eee 
263.2496. | —101.0 
297.3461 | —112.5 
908.9560 cee. 
1584400, 1 ieee 
(04 1tea) ook 
108.5718 | —146.4 
89.7408 | —174.4 
71.7922 | —171.0 
50.6934 | 169.8 
39,0064 | —199.1 
18.4578 | —209.1 
9.0882 | —199.3 


(1) Correction due to the inclination of the B.M. ston 
a partial breakiny of the top of ‘the B.M. stone. 
* BM. newly set up in 1920. 
+ Provisionary B.M. 


(2) 


Correction 
due to an 
abnormal 
condition 
of B.M. 


m.m 


+ 8.00) 
0.0 
+ 8.0) 


0.0 
0.0 
0.0 
+ 4,0(2) 
0.0 


ei 


+ 4.002) 
0.0 
0.0 
0.0 
0.0 

+20.00) 
0.0 


Corrected 
Height 


Difference. 
eet 
— 72.5 
— 80.8 


— 657 
— 33.3 
— 43.8 
— 68.4 
— 49.0 


—142.4 
— 174.4 
—171.0 
— 169.8 
—192.1 
— 189.1 
—199.8 


Fig. 20. Mao showing the Precise Leveling Line between Matsumoto 


and Itoigawa and in the neighbouring regions. 


36° 10" 


The bench marks (¢) are placed at intervals of 2 km. 


Fig. 21. Map showing the Elevation of the Ground in the Epicentral 


Region of the Omachi Earthquakes of 1918. 


ye 2892 
(414-55) 


/ 
/ 
/ 


The curves are 
the lines of equal 
elevation of 150: 
mm., 100 mm., 
and of 15 mm. 

The figures. 
Within brackets 
indicate the 
amount of the 
height change of 
the different 
bench marks, 
caused by the 
recent Omachi 
earthquakes, (+) 
for elevation and 
(—) for depres- 
sion. 


3 Omack? 


2894 
(+/826) 


Fig. 22. Difference in Heights of the Bench-Marks between Matsumoto and Itoigawa 3) Page ee 
before and after the Destructive Omachi Earthquakes of 1918. 


The upper figure indicates the height change (in mm.) of the The lower figure gives the height (in metres) of the 
different bench-marks relative to B.M. No. 2873 in Matsumoto, different B.M. between Matsumoto and Itoigawa. 
(+) for Elevation and (—) for Depression. 
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Fig. 21 indicates the position of the B.M. Nos. 2888 to 2895 in the 
vicinity of Omachi where the height change has been most marked. The 
maximum elevation was at or about the B.M. No. 2981 situated to the south of 
the town. The iso-elevation lines of 150 and 100 mm., which has been drawn 
only in a very imperfect manner from the material in hand, are also shown in the 
figure. The 150mm. elevation line encloses an area extending in an N.E.— 
5.W. direction, whose major diameter approximately coincides with the epifocal 
zone of the two destructive earthquakes under consideration. (See fig. 2.) 

In the map (fig. 2) are indicated two small dislocation lines formed in 
the Shimizu district of the Tokiwa-mra, with their eastern sides depressed. 
This comparative depression is probably the result of a subsidence of the 
region surrounding the central elevation area about Omachi and possibly 
continuous to the marked depression indicated by the B.M. Nos. 2896 to 2907 
in the region adjacent on the north. 

With regard to the simultaneous production of the (i) elevation in the 
area about Omachi and the (i) depression in the adjacent region, the first was 
probably the principal event, as its locality coincides with the meizoseismal 
district about the seismic origins, ; ; 
the second being accessory dis- ; Pig. 23. 
turbances necessitated by com- Cae 
pensation from the surrounding 
or adjacent ragion. This sup- 
position of the primary elevation 
impulse well agrees with the 
result of observation. Thus, if 
the ground at and above the 
seismic origin 0 (fig. 23) be 
suddenly upheaved, the very first 
displacement (p,) at places A and 
B more or less distant from 
the epifocus, will be directed in- 
wards, the next or counter dis- 
placement (p,) being directed out- 
wards. This is in accordance 
with the tromometer records obtained in Nagano and Tokyo. (See §§ 7 and 8). 
From the location of the (ii) depressed area to the north of the (i) elevated 
area, it may be assumed that the whole tract between the former and the 
Japan Sea coast had been undergoing a settlement combined with a horizontal 
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Motion toward Origin. 


pressure acting from the concave, or inner, side of the Japan Arc. 
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TOKYO. May, 1928. 


On the Shimabara Earthquake of Dec. 8, 1922.* 


By the late Prof. F. OMORI. 


(With Plates I—VIL1.) 


A. Unzen-dake and the town of Shimabara. 


Going back to historical times, the great outburst of Unzen-dake 
in the year 1792 was part of a phenomenon which had been going 
on for over four months. As premonitory shocks preceding the first 
period of volcanic activity, there had occurred already in the winter 
of 1791 several earthquakes which caused landslides on the hills 
around the town of Obama, resulting in the loss of two lives through 
burial of dwellings under the debris. Landslides also occurred at 
Shimabara and Mae-yama. At past midnight on the 10th of Febru- 
ary, 1792, the voleano entered its second phase of activity with an 
explosive outburst. Detonations could be heard coming from Fugen- 
yama, one of its loftiest peaks, when at the same time a vent was formed 
near the shrine of Fugen, from whence were projected steam, earth, stones 
and immense quantities of mud. After this the volcano entered its third 
phase of activity with outpourings of molten lava. On the 25th of Feb- 
ruary disturbances started from a ravine called Anasako and lava began 
to flow out from the 30th. From April 21st the earthquakes gradually in- 
creased in intensity, and with every shock loosened quantities of rocks and 
sand which poured down from the mountain slopes. From midnight of 
that day until the dawn of the following, the earthquakes were particular- 
ly violent, causing damage to the castle of Shimabara with some casual- 
ties. On the 29th at the village of Nakakoba, situated on the southern 
flank of the mountain, a grove of camphor trees measuring 120 meters by 
some 50 to 60 meters was suddenly dislodged and hurled into the ravine 
below, practically filling up the hollow. Two very severe shocks occurred 
on May 21st. The whole southern flank of Mae-yama, from summit to 
base, broke away and considerably altered the shape of the mountain. 


* Articles contributed by Dr. Omori to the “ Gakugei ’”’ Magazine. A.I. 
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The volcanic idea of the Mae-yama landslides might be dismissed as: 
nothing more than mere speculation were it not for the fact that the future 
safety of Shimabara hinges on the verity or otherwise of this theory, and. 
if the great landslides of Mae-yama in 1792 were really the results of an 
explosive outburst of this mountain, then we cannot escape the conclusion. 
ghat in this old volcano there lie dormant dire potentialities for a powerful. 
eruption which may be released in all its fary at any future moment, in. 
which event the precarious position of Shimabara town and vicinity is. 
obvious. However, in view of the four objections above given, I make bold 
to state that the great landslides were due, both directly and indirectly, to- 
the effects of the earthquakes and not to any eruptive forces. Mae-yama 
is an old, extinct voleano and being composed of old and friable rock,. 
landslides took place as a result of the strong earthquakes, but now that 
the loosely held materials have dropped off the mountain slopes, a repeti- 
tion of these things is not be expected even should earthquakes visit the- 
locality again. Furthermore, even should Unzen-dake erupt again with. 
copious outflows of lava, no particular danger need be apprehended. 


B. The volcanic activity of Unzen-dake in Shimabara. 


The most active period in the history of Japanese volcanic eruptions. 
was the 13 years between 1778 and 1792, during which interval there oc- 
curred eruptions of the following voleanoes :—the great outburst of Oshima 
(Idzu province) and that of Sakurajima between 1778 and 1782, the fearful. 
eruption of Asama-yama in 1783, the detonations of the extinct volcano- 
Hakone-yama, and finally the great eruption of Unzen-dake which con- 
tinued for four months between the winter of 1791 and the spring of 1792.. 
This eruption started from Fugenyama, one of the loftiest peaks in the- 
central part of the Unzen-dake range, with outpourings of lava which 
flowed down the valley channels for a distance of more than four kilo-- 
meters with, however, no casualties. Finally on the 21st of May, 1792, 
there was a deafening detonation, followed by a great landslide from the 
slope of Mae-yama, mentioned in the preceding paragraphs, and distant. 
about four kilometers from Fugen peak, resulting in the descent of a ter-- 
rible mudstream into the Ariake sea, causing thereby a large tidal wave. 
Mae-yama, however, being an old extinct volcano was destitute of voleanic- 
energy, and while the earthquakes from Unzen-dake were not particularly 
severe, the worst ones were wont to cause earth-cracks from 5 to 10 em. 
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wide, besides causing the cantings of dwelling houses and overturning of 
warehouses and the great landslide of Mae-yama. 

Fully 120 years had elapsed since the turbulent years of 1778-1792, 
when with the year of 1909 was ushered in a new period of pronounced 
volcanic activity which lasted until 1915. This interval witnessed violent 
outbursts of the three very similar volcanoes of Oshima, Asama and Saku- 
rajima, so that the disturbances of 1778-1792 were repeated in the same 
order even to the detonations of Hakone-yama, together with the disturb- 
ance of Unzen-dake, which latter, had been anticipated as the culmination 
of these activities. In these circumstances the numerous e.rthquakes 
which visited Nagasaki and vicinity at the time were nothing more than 
local shocks of voleanic origin. 

According to the tromometer of the Seismological Institute (Tokio), 
the earthquake which was felt at 1 h 52 m 30s on the 8th (Dec. 1922) was 
quite strong, the maximum having reached 2.8 mm. so that it was equal in 
severity to the strong shock that was felt at 6.30 in the evening of January 
12th, 1914, which latter took place about ten hours after Sakurajima had 
began its eruption. At 7h 23 m 58s there was a small shock followed by 
one at 11h 04m 07s, which could rank next in severity to the first one, 
and with a maximum movement of 1.7 mm., while another small shock 
was felt at 2h 19m 31s in the afternoon. All these were comparatively 
strong shocks, and Shimabara and vicinity soon became the seat of fre- 
quent earthquakes of varying intensities. 

Judging from the behaviour of Unzen-dake in the past, it is quite 
possible that carthquakes such as have recently happened may repeat 
themselves during the course of the next few weeks, but nothing of a des- 
tructive nature need be expected. We are now witnessing the usual 
characteristics of volcanic earthquakes, just as what happened during the 
eruption of this same volcano in 1792, and even should an eruption now 
take place there is no cause for uneasiness. That Unzen-dake will im- 
mediately begin an eruption is difficult to believe, and even wer. it to com- 
mence and keep up for some months, so long as the outbursts do not as- 
sume an explosive character, nothing serious is likely, still less a repetition 
of the disaster of 1792. Even should theve be lava flows, they will go down 
the valleys and quiet down after travelling a few kilometers without en- 
dangering life or property. As to the earthquakes, while they may not be 
strong enough to overturn the Japanese style wooden houses, buildings 
and warehouses of bricks or stone may be overturned, but what needs to 
be particularly emphasised is the danger of falling rocks and debris from 
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the hillsides. (Penned on the spot by the author on December 8th, 
1022.) 


C. The Earthquake of Shimabara Peninsula. 


INTRODUCTION. ‘Ihe islands of Hokkaido, Honshiu, Shikoku and 
Kiushiu, together comprising the Japanese island chain, form a conspicu- 
ous are with marked dissimilar features for the inner, or concave, side as 
contrasted with the outer, or convex, side of the arc. Judging by the sys- 
tematic way in which the volcanoes and seismic centres are distributed, 
the Japanese island are may, ina broad sense, be regarded as one great 
voleanic or seismic zone. Consequently, whenever the crustal stress ac- 
cumulates the whole island arc is affected, and great eruptions and forcible 
earthquakes occur simultaneously in various parts of the country. In 
view of the intimate connection between volcanoes and earthquakes, it fol- 
lows that whether they originate at widely separated localities, or whether 
they have occurred in the past or quite recently, or whether they may 
occur in the future, they all are more or less inter-related, so that careful 
observations of the distribution of these phenomena with respect to 
periodicity as well as to locality, ought to yield data justifying reasonable 
anticipations regarding the usual trend of these activities. Or we might 
say that every volcano has its particular characteristics, or habits so to 
speak, and in a way, the earthquake zones have also their respective habits, 
such as whether they are generally weak or strong, or whether their acti- 
vities are generally preceded by feeble foreshocks or otherwise. It is the 
careful observations of these habits that is extremely desirable. Now, not 
only the Japanese island arc, but the entire Pacific margin may be regard- 
ed as one great seismic zone. It is noteworthy that in Japan and the 
Aleutian group, and in the clearly established island ares of Java and 
Sumatra, the inner, or concave, side is generally the voleanic zone, whereas 
the outer, or convex, side is the seismic zone. 

VOLCANIC EARTHQUAKES. Of types of these there are several 
and examples of some of them follow. 

(a) Firstly, we have those which take place some hours, or even 
some days, before the actual eruption. Notable examples are furnished 
by the succession of shocks which heralded the Usu-san eruption of 1910, 
in Hokkaido, and the violent eruption of Sakurajima in 1914. In both 
cases the fore-shocks, gradually increasing in strength, kept on for from 
two to as much as four days after which the volcanoes burst out with all 


On the Shimabara Earthquake of Dec. 8, 1922. 49 


their fury, but the earthquakes, after having reached their maximum in- 
tensity, gradually quieted down. In the case of the eruption of Yake- 
dake, situated on the boundary of the provinces of Hida and Shinano, and 
which started at 7.35 on the morning of June 6th, 1915, a succession of 
shocks kept up with hardly an intermission for almost 35 minutes before 
the eruption broke out. 

(b) Secondly, we have those premonitory shocks, which, instead of 
gradually increasing in intensity, start off with several sudden strong 
shakings followed by a number of after-shocks, which, gradually dimi- 
nishing in intensity, quiet down altogether when after a few quiet days 
the volcano begins its work. The examples fitfully illustrating this type 
are the two severe Asama shocks of May 26th, 1908 at 9.15 a.m. and of July 
16th, 1912 at 7.46a.m. These were followed by several hundred after-shocks 
that lasted for several days, but in both of these cases the eruptions of 
Asama-yama took place almost a year later. An historical example is that 
of the earthquakes which started to violently shake the environs of the 
town of Obama, in the Shimabara peninsula, on Dec. 10, 1791, which 
were followed in February of the succeeding year by an eruption of 
Fugen-dake. ; 

(c) At certain periods volcanoes quite extinct like Hakone-yama 
become the seat of earthshaking detonations which are volcanic earth- 
quakes. 

(d) When explosions or eruptions originate in volcanoes the ground 
tremors that occur are volcanic earthquakes, although they are extremely 
feeble. This was experienced during the recent activities of Asama-yama, 
when we were descending the mountain and were at a distance of about 4 
km. from the summit. Tremors took place nearly 10 seconds before we 
heard the thunderous report of the explosions, but the tremors were not 
felt by our unaided senses. 

We may say then that earthquakes felt at the base, or in the vicinity 
of it, are volcanic earthquakes, be the latter active, dormant or ex- 
tinct, and whether an earthquake is volcanic or otherwise, there 
is no fundamental difference in their respective natures, the difference 
being simply confined to geographical characteristics. However, volcanic 
earthquakes do not go beyond a certain stage of intensity, being mainly 
local shocks of limited severity. 
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D. The Violent Shimabara Earthquake of 1922. 
(An outline sketch.) 


From about 4.15 p.m. of December 7th, 1922, there were felt several 
earthquakes, and while they were all fore-shocks, at about 1.50 a.m. of the 
following day there came the first severe shock. Another big one came at 
about 11.03 a.m. of the same day, although, by the tromometer at the Seis- 
mological Institute, Tokio, the maximum movement of the second severe 
shock was only slightly more than half that of the first big shock, that is 
to say, the first one was the most energetic of all the shocks that came, be- 
sides causing the most damage. Moreover, while the first strong shock 
overthrew houses, caused casualties and did other damages in the four 
villages of South Arima, North Arima, West Arie and East Arie, all lying 
in the southern part of the Shimabara peninsula, the second strong shock 
threw down houses, caused many casualties and did considerable hayoc 
throughout the district lying between Obama hot-springs in the western, 
up to Kitamura in the northern, part of the peninsula. This difference in 
the affected areas was due to migrations of the seismic center, and, as will 
be shown hereinafter, the origin of the first strong shock was underneath 
the base of Fugen-dake, whereas that of the second strong shock was at a 
point underneath the southwestern base of the mountain, hence close to 
Obama. Again, according to the tromometer records of the Seismological 
Institute, Tokio, there were two fairly strong shocks at about 7.22 a.m. and 
at 2.17 p.m., respectively, on the 8th, which, when compared with the first 
and second severe shocks were quite feeble, but were felt rather strongly 
at places near the origin. The shaking which took place at 2.17 p.m. had 
as its epicentre a place very close to the city of Nagasaki, which had al- 
ready suffered more or less from the effects of the first severe shock so that 
this city suffered again, although toa lesser extent with only such damages 
as cracks in walls and overthrown brick walls, ete. The number of after- 
shocks was, however, enormous, and, according to the tromometer records 
of the Nagasaki Meteorological Observatory, the number registered up to 5 
p-m. of the 8th had reached already 600, including the fore-shocks which 
occurred about 4 p.m. of the 7th. After this the shocks began to diminish 
in frequency, but from the commencement up to noon of the 11th, the 
number of shocks registered reached the enormous total of 1417, although 
the majority of them were sensible only to instrumental records. 

The casualties were as per Table I, namely, 27 killed and 35 wound- 
ed; 131 dwellings and 295 warehouses and outhouses destroyed. 
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Table I. 
| Collapsed. houses 

Village Killed Wounded Dwelling | Notirecuine 
Kita-arima 13 16 46 | 142 
Minami-arima 2 2 8 3 
Higasi-arie 4 6 18° | 59 
Nisi-arie 2 1 oe 4 
Katusa 2 2 7 17 
Kutinotu 1 4 | 1 
Obama 3 4 20 46 
Kita-kusiyama 0 0 5 9 
Minami-kusiyama 0 0 8 4 
Désaki 0 | 0 1 3 
Hutu 0 0 1 0 
Hukae 0 0 1 1 
Yamada 0 0 2 5 
Hukabori 0 0 1 i) 
City of Nagasaki 0 0 1 0 

Total DE 35 131 295 


In the above table the casualties at Obama were mainly the result of 
the second strong shock which came at 11a.m. on the 8th, while those of 
the rest were due to the first strong shock which came at 1.50a.m. There 
was no damage to speak of at the Obama hotspring resorts. In the out- 
skirts of the Unzen Koen (Hot Springs Gardens) the second shock was felt 
more strongly than the first one, and while there were cracking of walls, 
overturning of stone fencings and such minor damages, the buildings did 
not suffer. At the Unzen Shrine a portion of the stone fencing was thrown 
down, but none of the stone lanterns were overturned, while at the Unzen 
Koen neither the solfataras nor the fumaroles showed any signs of 
change. 

The hamlet of Hashiguchi in North Arima was a heavy sufferer with 
destruction of 13 dwellings out of a total of 22 and 11 persons killed, while 
at the hamlet of Nakasugawa in North Arima four people were killed. 
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Table II. Casualties in the village of Kita-Arima. 


| | Collapsed houses | 
Hamlet | INOSOL DOUSCS! ieee eee = Killed Wounded 
| Dwelling Non-dwelling 


Hasiguti | 22 | 13 ae 9 | 11 11 

Haiki | 20705 4 baud ia 

Oriki |) age Somes Ta Heel O° ga | 

(Other) 083\ ue 928 18h 0 8 
Total 1073) WP ae oi) Ae 13 


Table Ill. Casualties in the village of Higasi-arie. 


| Collapsed houses 
Hamlet | No. of houses |— Killed Wounded 
| Dwelling | Non-dwelling 

Kubo _— 1 2 0 2 
Nakasugawa — 4 4 4 2 
Ogawa — 7 15 0 i 
Yamakawa os 4 18 0 | 1 
Onoue — 0 2 0 0 
Kabakawa —_ 3 lay 0 0 

Total one 19 58 4 | 6 


In Kita-Takaku County, no dwelling collapsed, but some warehouses 
and outhouses collapsed as follows : 

Ono Village 15, Tayui Village 4, Moriyama Village 3, 
Enoura Village 4, Toisi Village 1. 

A SHORT ANALYSIS OF EARTHQUAKE MOTION. As illustrated 
in Fig. 3 the earthquake motion begins with slight tremors A and 
after a little interval reaches the main phase B, after which it gradual- 
ly diminishes in intensity. The preliminary tremor is therefore AB, and 
whether it be a sensible vibration or a microtremor, so long as it has 
originated at a near distance its duration is generally a few seconds or 
some tens of seconds, so that the distance of the seismic origin can be 
determined by an observer from the following formula 
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« km=7.42 y seconds 


where «=distance from the observer to the orign and y=observed duration 
The explanation of the preliminary tremor 


of the preliminary tremor. 


is that from the source of 
the vibrations are pro- 
pagated outwards, and 
simultaneously, two dif- 
ferent waves, one longi- 
tudinal (A, Fig. 3) and 
the other transverse (B), 
but since the longitudi- 
nal waves have a higher 
velocity of propagation 
than the transverse 
waves, the former out- 
races the latter so that 
as the distance from the 
origin increases, the time 
difference in the arrival 


B 


Fig. 3. 
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Ordinary earthquake motion. 
A---Preliminary tremor. 


B---Principal portion. 


of the two waves also increases, or, in other words, the duration of the pre- 
liminary tremor is increased. 

In Fig. 4 the straght line OS represents the distance between the 
seismic origin O and the observing station S. The longitudinal waves 
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travel parallel with this line, thus indicating the direction of the origin, 
while the transverse waves being propagat d in a direction at right angles 
to this line OS, do not indicate in a direct manner the direction 
of the origin. 

The two earthquakes that originated at sea in a northeasterly direc- 
tion from Formosa on the 7th and 15th of December of last year, furnished 
good examples of longitudinal and transverse waves. As actually register- 
ed (without resolution into its components) by the Duplex Pendulum 
Tromometer of the Seismological Institute, Tokio, Fig. 5, the initial tremor 


Fig. 5. 


B 


pega 


Horizontal earthquake motion. 
A---Longitudinal waves or preliminary tremors. B---Transverse waves or principal portion. 


had a NE-SW direction thus indicating the direction of the epicentre, 
while the maximum horizontal motion shown at the commencement of the 
phase vibrated in a NW-SE direction, hence perpendicular to the first 
named motion. 

The records obtained at Tokio of the severe earthquake of April 26th 
last year, which, besides shaking the Miura peninsula and the southern 
part of the Boso peninsula, shook also Tokio, Yokohama and its environs, 
show quite clearly the same results. The direction of the initial prelimi- 
nary tremor was almost due S—N, from which, taking into account the 
vertical motion, the seismic origin was deduced as lying almost due south 
of Tokio, that is in the Uraga channel ; whereas the direction of the initial 
main phase, which is the maximum horizontal motion, was nearly E-W, 
hence at practically right angles to the direction of the first motion. An 
examination of the records of the Mt. Tsukuba Seismological Station 
showed the direction of the maximum horizontal movement to be E by 8 
and W by N, thus revealing the transverse nature of the waves. 

The earthquake of 8th December, 1921, which originated in the S.E. 
part of the province of Hitachi was also strongly felt in Tokio, where the 
records also showed beyond doubt the preliminary tremors as longitudinal 
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waves and the main motion as transverse waves. Again, in the case of 
the three severe earthquakes of June 20th, 1894, of December 8th, 1921, 
and of April 26th, 1922, seeing that, as compared with the maximum hort- 
zontal movement, the maximum vertical motion was very small, not more 
than about one-tenth of the former, it follows that the transverse waves 
which constitute the maximum motion are, in the main, horizontal vibra- 
tions moying normally to the vertical plane joining the origin, the 


(A) Fig. 6. 
(B) 
hee 
Ss”. pas 
ae re omen S¢oa- sane | 4! 
eae 


Diagrams illustrating the direction of the destructive earthquake 
motion in the neighborhood.of the epicentre C. 


81, $2, 8’, s’’--- Different observing places in the epicentral area. 


epicentre and the observer’s station. At all events, since at the epicentre, 
longitudinal waves become vertical movements while the transverse waves 
become horizontal movements, the vertical motions are comparatively 
weak, so that the strong motions are mostly horizontal. The fact that 
massive temple gates and the pedestal plates of stone lanterns and other 
objects in the Mino-Owari earthquake of 1891, and in the Shonai earth- 
quake of 1894, moved laterally from one foot to as much as three feet, can- 
not but suggest very strong lateral movement, so that in the matter of 
earthquake proof construction the consideration of the horizontal motions 
is of paramount importance, far more so than the vertical motion, and so 
long as the effects of the former have been allowed for the effects of the 
vertical motion can be disregarded. 

Assuming the transverse waves to constitute the principal motion of 
the earthquake movement, the actual displacement and the maximum ac- 
celeration, or, in other words, the destructive energy would be at its 
maximum at the origin, diminishing in intensity as it recedes from it, 
that is varies in inverse ratio to its distance from the seismic focus. If we 
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take D for the focal depth and ¢ for the distance from the observer’s station 
to the epicentre, then both the amplitudes of vibration and the maximum 
acceleration vary inversely as 7/ D?+,/? , which fact would seem to disprove 
the idea that the seismic damage will be heaviest in the region where r=D, 
that is in the region whose epicentral distance equals the focal depth, 
rather than in the epicentral area. 

OBSERVATIONS AT THE NAGASAKI METEOROLOGICAL OBSER- 
VATORY. In connection with the recent earthquakes, the credit for the 
very complete tromometrical observations that were obtained at this station 
goes to the director, Mr. Mayeda, and his staff. In particular, the records 
taken of the first strong shock (see abridged reproduction in Pl. II.) by 
means of the Imamura pattern Seismograph in their regular use, form ex- 
tremely valuable materials for investigation and study, inasmuch as, with 
the exception of the records obtained at the Seismological Institute, Tokio, 
of the severe earthquakes of 1894, 1921 and 1922, there is absolutely 
nothing like them in existence. According to the seismograms of the 
Nagasaki Observatory, while the actual maximum ground movement was 
41 mm. in a direction N. 6° E-S. 6° W, if the initial motion of the prelimi- 
nary tremor A was directed almost E—W, then the two motions would be 
perpendicular to each other. Since the origin lay to the east of Nagasaki, 
the preliminary tremor started with longitudinal waves, changing to 
transverse waves upon reaching the maximum phase, just as in the various 
examples cited. Now as AB is the preliminary tremor and B is clearly the 
beginning of the main vibration, the duration of the preliminary tremor is 
undoubtedly 6.6 sec. and calculating by means of the equation already 
given, the distance from Nagasaki to the origin works out to 49 km. 

THE ORIGIN OF THE FIRST SEVERE EARTHQUAKE. As the seis- 
mograms and the tromometer records of the three observatories of Naga- 
saki, Kumamoto and Kagoshima clearly showed the duration of the 
preliminary tremors as well as the directions of the initial motions, the posi- 
tion of the epicentre, together with Fig. 7. 
the focal depth, were readily deter- | 
mined, as in Table IV. ee c Kumamoto 

The durations of the prelimi- Zt a 
nary tremors as registered by the 
observatories of Nagasaki, Kago- 
shima and Kumamoto being respec- 
tively 6.6, 8 and 18 sees., by describ- O 
ing on a map three circles with each 
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Table IV. Results of observation of the first severe shock. 


TT 


Station Duration | Focal | Epicentral | Direction of Focal 
ra prel. tr. | distance distance initial phase depth 
ae a — Rees tee eyes a ees 
Nagasa k | 6.6 8. | 49 km. | 34.6km.| § 84” E | } 
Kumamoto | 8.0 | 59 47.5 S 70° W | 734.5 km. 
Kagosima | 18.0 | 133 128.5 S10°6E* | j 


a a 
one of the three stations as centrcs and with corresponding focal 
distances derived from the above data as radii, we get a_ spherical 
triangle at the intersections of these circles, in which we must find the 
epicentre. (Pl. III.) Now the initial preliminary tremor indicated by 
the tromometer at the Kumamoto Observatory was extremely large, name- 
ly, 1 mm. and clearly indicated a S 70° W direction, and that of Kago- 
shima Observatory was 0.46 mm. with a S 10°.6 E direction, whilst that of 
the Nagasaki Observatory gave a direction of nearly S 84° E, so that the 
point of intersection of the directions of the longitudinal vibrational waves 
as registered at these three stations must also be the epicentre. The 
epicentral position as deduced by the preceding two methods lies near the 
point indicated by a cross on map, Pl. III. An essential condition for the 
determination of the epicentre is that all the observing stations when com- 
puting the focal distance should get identical results for the focal depth. 
As shown in Fig 7, the focal depth of the first severe shock was about 34 
km. The epicentre marked by a cross in Pl. III lies in the southern part 
of the Shimabara peninsula and to the west of East Arie village ; and also 
to the N.E. of the hamlet of Hashiguchi, North Arima, and a little to the 
north of the seashore of North Arie, while its distance from the Nagasaki 
Observatory is E by S., and approximately 34 km. 


E, The Karthquake of the Shimabara Peninsula. 


OBSERVATIONS AT KAGOSHIMA. The tromometer records of the 
recent earthquakes obtained by this observatory were very satisfactory, and 
much credit is due to its director, Mr. Maruoka. The magnitudes of the 
preliminary tremors and the directions of the shocks felt during the 8th 
of December are as follows :— 
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Table V. Results of seismic observation at Kagoshima 
Meteorological Observatory. 


=e | Tigo Initial phase 
comment Magnitude Direction 
1 jh 52m. 0.46 mm. 8 10°6 E 
2 11 04 0.38 S12 S ak 
3 14 17 0.12 S19 58 
4 | 2 10 0.068 $19°.7 E 
5 Paria hrey: 0.096 $11°6 E 
6 Peaporresse 0.046 S101 ne 


By producing the lines representing these tremors in opposite direc- 
tions they would point to the seismic origin, although the directions will 
not all be the same. For example, the origin of no. 2 points somewhat 
more to the west than that of no. 1 while the direction of no. 3 inclines 
still further to the west; and although shock no. 3 was not particularly 
energetic as felt at this station, the proximity of its origin to Nagasaki 
accounts for the very severe shaking felt at the latter city, and the more 
or less damage suffered there. 


DIRECTION OF THE MAXIMUM HORIZONTAL MOVEMENT. As 
stated in a previous paragraph, destructive shocks felt at a station are 
mainly horizontal movements of transverse waves, and as its direction is 
normal to the vertical plane including the origin, the epicentre and the 
observing station, the direction of the maximum movement of two points 
lying, one on either side of the epicentre, are at right angles to each other, 
as shown in Fig. 6. In these circumstances the direction of fall of brick 
chimneys, stone lanterns, gravestones, and other such columns, invariably 
coincide with the direction of the maximum horizontal motion. 

DIRECTION OF EARTHQUAKE MOTION WITHIN THE SEVERELY 
SHAKEN AREA. Within the severely shaken area, particularly in the 
villages of East Arie and North Arima (including the hamlets of Hashi- 
guchi and Tanigawa), the overturned objects display a remarkable uni- 
formity in direction as will be seen from the annexed tables :— 
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Table VI. Direction of overturning of stone-lanterns, grave-stones, &c. 


N, N, WN, N, N,  N10°E, N10°E, N10°E, N10°E, NI5°E, 
N25°E, N25°EK, N25°E, N25°E, N30°E, N30°E, N30°E, N35°E, N40°R, 
Higasi- N40°E, N40°E, N40°E, N45°E, N75°E, N50°E, N60°E, N&°W, Né°wW, 
Arie N5°W, N5°W, N10°W, N10°W, N15°W, N25°W, N35°W, N50°W, N70°W, 
| Nso°w, Ns5°W, WwW, Ss, Ss SS, 8S, 8,  S20°E, S20°H, 
S65°E, S1LO°W, S20°W, S25°W, S30°W, S55°W, S65°W, S70°W, S85°Ww 


8, S, S, S5°W, S5°W, S15°W, S10°W, S10°W, S10°W, S10° Ww, 
S15°W, S15°W, S15°W, S20°W, S20°W, S20°W, S20°W, S20°W, S20°W, 
Kita- S25°W, S25°W, S25°W, S25°W, S25°W, S30°W, S30°W, S35°W, S35°W, 
Arima S35°W, S40°W, S10°E, $25°H, S25°H, S825°H, S30°H, S60°H, EK, 
N15°W, N25°W, +N, N5°H, N5°E, N30°E, N50°H, N60°E, N60°EF, 
N80°E i 


In the meizoseismic area, the direction of overturning, which indi- 
cates those of maximum seismic motion at each locality due to the first 
severe shock, come out on the average as follows :— 


Table VIL. 
A B 
Kita-Arima Urata & its Kutinotu Nakatuka Higasi-Arie Désaki 
vicinity g 
S 8° W S 8° W S16° E § 18° EB N 38° EB N 48° 


In A the direction was practically south, and in B northwards, as 
shown in map, Pl. I; the locality marked with a cross being the epicentre 
so that the directions are in practical agreement with the diagram, Fig. 6, 
B. The direction of the maximum movement at Nagasaki was initially 
N 60° E, but as its opposite direction becomes S 60° W, it would come 
under A. 


EXAMPLES OF SIMULTANEOUS OCCURRENCES OF EARTHQUAKES 
AND VOLCANIC ERUPTIONS BUT AT WIDELY SEPARATED LOCALITIES. 
The case of the recent first severe Shimabara earthquake and the eruption 
of Oshima in the Idzu island group, which took place almost simultane- 
ously, is listed below with other similar occurrences. 

(1) On the 8th of December, 1921, at 9.31 p.m., a severe earthquake 
shook the Kwanto regions, while during the period from about December 
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8th to the 10th, there was an eruption on the island of Suwanose lying to 
the south of the province of Satsuma, in Kiushiu, actively projecting 
smoke and flame. 

(2) At 10.11a.m. of April 26th, 1921, there was a severc earthquake 
in the Kwanto regions (Uraga Channel), whereas at 5 p.m. on the 25th 
there were eruptions of Asama-yama. — 

(3) On December 8th, 1922, at 1.52 a.m. and at 11.04 a.m., Shima- 
bara peninsula and environs were violently shaken, whereas from about 
the same day the voleano of Mihara in the Idzu island group started into 
eruption with issue of lava, and did not become quiescent until January 
of the following year. 

NAGASAKI EARTHQUAKES—PAST AND FUTURE. In the recent 
earthquake, within the reclaimed ground section of the city, there were 
some damages such as those to brick factory chimnies and dislodging 
of plaster walls and ceilings. The maximum horizontal movement as re- 
gistered at the local observatory was 41 mm., but the movement at places 
on soft ground would have been quite double of this. However, when 
compared with the movement at Tokio on the occasion of the severe earth- 
quake that originated in the Uraga Channel on the 26th of April, last 
year, it is not quite 32% of the Tokio movement. The earthquakes which 
shook Nagasaki during the years 1791-1792 at the time of the activities of 
Unzen-dake, were of the same order of magnitude. At any rate, the 
northern part of Kiushiu is one of the zones of low seismicity in this 
country, hence the district is regarded as immune from very destructive 
shocks. This is bourne out by the fact that the historical record of earth- 

quakes for Nagasaki is quite a small one, as will be seen from the follow- 
ing lists. 

(1) The 14th of October, 1691, was a Saturday, when at dawn the 
inhabitants were aroused by two violent shocks, and although they were 
both short ones, lasting not more than 30 seconds, they were very severe, 
so much so that the pilot of a Dutch vessel anchored in the bay was thrown 
out of his bunk, while on shore dogs and poultry set up quite a commo- 
tion. (I am much indebted to Mr. D. Arai of Nagasaki who kindly 
allowed me to extract the foregoing from his copy of Kaempfers “ Japan.”’) 

(2) From about 1 on the morning of the 31st of October, 1725, 
severe earthquakes began to rock the city, and continued for three days 
when over 80 shocks were counted. 

The earthquakes of 1691 having occurred more than 30 years after 
the eruptions of Unzen-dake of 1657 and 1663, it is not possible to con- 
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ceive of any connection existing between the two phenomena, although, if 
some such a conception is permissible, the claim for it should belong to the 
eruption of Aso voleano which broke out in 1691, the very same year. 
The earthquakes of 1725 did not follow close on the heels of the 
activities of the Kiushiu voleanoes, which were the violent outbursts of 
Kirishima in 1716 and 1717. Between the years 1717 and 1733 Asama had 
erupted several times, while the Iwate volcano erupted in 1719, but during 
all this interval, Unzen-dake, situated so close to Nagasaki, failed to evince 
the slightest sign of activity. This would support the conclusion that the 
Nagasaki earthquakes were of a purely local character, and while the 
shocks were somewhat strongly felt, the damage wrought was slight, hence 
far from being destructive. In these circumstances our belief is that, 
although strong earthquakes may visit Nagasaki in future, it is not likely 
that they will be worse than example no. 2 above, nor much stronger 
than those just recently experienced, therefore, with reasonable care and 
attention bestowed on the construction of houses, and also in civil works as 
well, towards making them as near earthquake-proof as possible, immunity 
from future earthquake disasters ought not to be unattainable. 
CONCLUDING REMARKS. While such disasterous earthquakes as 
the Tokaido earthquake of Dec. 23, 1854, and the Nankaido earthquake of 
the day following, both of which originated in the sea-bottom of the Pacific 
facing the outer side of the Japanese island arc, and having no connection 
whatsoever with any volcanic system, may be extremely destructive, there 
is, however, a limit to the destructivity of volcanic earthquakes. The re- 
cent earthquakes which originated in the Shimabara peninsula may well 
be regarded as volcanic in nature, and the first severe shock that emanated 
from the southern base of Unzen-dake at 1.52 a.m. of December 8th was 
almost of the same order of magnitude as the strongest one of the many 
shocks that originated with the eruption of Sakurajima in 1914, although 
it was a little stronger than the shocks that accompanied the recent erup- 
tions of Asamayama and Usu-dake (Hokkaido). At all events, it would 
seem to typify the strongest shock that is ever likely to shake the Shima- 
bara peninsula and environs, and even were more or less heavy shocks to 
occur in this region in the future, they are not likely to be disasterous 
ones, nor is it likely that they would repeat themselves in the same locality. 
Again, although as a result of the severe earthquake of the 21st of May, 
1792, an enormous landslip took place from the slope of Mayeyama, pre- 
cipitating into the Sea of Ariake such an avalanche of soil and debris that 
a big tidal wave resulted, the forces that induced this landslide having 


rs 7 ay : bahia ste a ges 
Lg + eS . exe = 7 Ba Or SS ee eae ae re 


62 F. Omori: 


done its work and gone, there are at present no potential causes remaining 
that are at all likely to bring about the repetition of such a gigantic land- 
slide. Moreover, as a result of the great changes of 1792, the base of the 
mountain is now at such a distance from the sea that the tidal-wave hazard 
is also non-existent. : 

Neither is there any cause for anxiety over the habits of Unzen- 
dake in the future. While the destructive energy of voleanoes in blasting 
away parts of its sides, in short, its explosive outbursts, are terrible to 
contemplate, the eruptions of Unzen-dake will be confined to gentle or 
moderate actions without at all reaching the explosive stage. In both the 
eruptions of 1657 and 1792, lava flowed out from a spot a little below the 
northeastern part of the summit of Fugendake, but there were no showers 
of sand or ashes, and the whole action was so quiet and orderly that peo- 
ple visited the scene of action with impunity. There are good reasons for 
assigning Unzen-dake’s present centre of volcanic activity to a place near 
the summit of Fugen-dake (peak). On the other hand, the chances of a 
new eruption breaking out from such a seat of ancient activity as Unzen- 
Koen are scarcely worth considering, and furthermore, even should Fugen- 
dake itself break out again in the future, the most it is likely to do is to 
repeat such action as has been described in this paragraph, so there need . 
be no misgivings in connection with the future behaviour of this volcano. 
(A descriptive outline of the eruption of Unzen-dake of 1792 was contri- 
buted by the author to the Feb. number of the “ Gakugei Zassni.”) 


Seismic area of the Shimabara earthquake. 
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Nagasaki observation of the earthquake of Dec. 8, 1922, at 1h 50m. 


(Statical magnification = 2.) 
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Map showing the position of epicentre of the first shock as revealed by 


the observations at the different stations. 
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A five-storied stone monument at Higashi-Arie overturned, the two upper stories eastwards 


and the three lower ones westwards. 


A warehouse at Hashiguchi, Kita-Arima. Its longer side was parallel to NNE. 
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A warehouse at Kitano, Obama, with its longer side parallel to E-W. It was built upon 


a loosely constructed stone-foundation. 
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A warehouse at Kitano, Obama, with its longer side parallel to S-N. Badly damaged. 
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A warehouse at Kitano, Obama. Badly damaged, 


Report on the Changes in the Land-Level in Connection 
with the Simabara Earthquake of 1922. 


_ By A. IMAMURA. 
(With Plates I and II.) 


Realizing that, in connection with the earthquake that shook Sima- 
bara and environs on the 8th of December, 1922, some displacement more 
or less in the land-level would be inevitable, the late Dr. Omori, with the 
_ assistance of the Imperial Academy, succeeded in arranging for a survey 
of the affected area at the hands of the Land Survey Department. This 
body promptly organized a suitable surveying party and commenced 
work in June, 1922, but Dr. Omori, unfortunately, did not live to see the 
completion of the work. The survey was, however, pushed forward, and 
with the aid of funds augmented by our Committee in October of the 
-same year, the work was in due course brought to a conclusion when 
reports on the result of the survey were presented by the two members of 
the Survey, Messrs. Y. Ogata and J. Onohara. It is with much pleasure 
that I take this opportunity to offer our thanks to the Imperial Academy 
who sponsored the undertaking, and to the governing council of the Land 
Survey Department as well as to the two gentlemen above mentioned. 

A perusal of the reports makes it clear that changes in the land-level 
did take place, thus vindicating our anticipations. It must be noted, how- 
ever, that the last surveys were made as far back as 30 years ago; the sec- 
tion between Isahaya and Kutinotu in July-September, 1894, and that 
between Isahaya and Hukabori during October-December, 1897. While in 
the circumstances, some changes more or less during the interval must be 
expected, the mean tide-level at the Hukabori Tide-gauge station showed 
a rise of only 2 or 3 cm., which difference, when compared with the results 
of the surveys for sea-level made before and after the interval in question, 
is altogether negligible in the first approximation. The outstanding 
changes observed in the land-level will now be given. 

(1) Between benchmarks No. 5381 and 5394, that is between Kigitu 
and Nagasaki, the maximum uplift reached 64.5 cm. It is likely that 
these marks were once removed without any notice being given to the 
military authorities. 
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(2) Between benchmarks No. 4265 and 4270, that is between Isahaya 
and Aino, the maximum elevation was 8.3 cm., and the minimum depres- 
sion 7.2 cm. ; 

(3) Between benchmarks No. 4288 and 4290, that is in the northern 
part of the area affected by the earthquake in question, the maximum 
elevation was 84.2 cm. These marks were also once removed. 

(4) Leaving Isahaya and following the eastern coast of the Simabara 
peninsula, we reach at its southern extremity the village of South Arima. 
In this section of the country, with the exception of the E. extremity 
of the peninsula between B. M. No. 4287 and 4292, there was an allround 
uplift of from about 3 cm. to 6 em., whereas about Kutinotu no elevation 
at all could be detected. On the other hand, the E. extremity of the penin- 
sula showed a slight depression in comparison with the adjacent land. _ 

While it is a matter for regret that this survey covered only the 
northern and eastern coastlines, leaving out the western coastline, con- 
sidering that the latter section had never been previously surveyed, it was 
unavoidable. Another matter to which attention may be called is the fact 
that the change in sea-level during a period of more than 23 years as ob- 
served at Hukabori, and just referred to, would seem to suggest a subsid- 
ence of as much as 2-3 cm., rather than an elevation. 

Be that as it may, it appears that there occurred, besides a slight 
upheaval of land for the most part of the peninsula, a very characteristic 
topographical change, which may be regarded as accompaniments of the 
present earthquakes, at two places, namely, one at the isthmus connecting 
the peninsula to the main land, and the other at the eastern extremity of 
the peninsula. This may suggest that there were two seismic centres, one 
in the heart of peninsula no. 4 and the other in the bottom of Tidiwa Bay 
no. 2 As, of the two centres, the former accompanied more conspicuous 
changes than the latter, it may be said that the most active centre was 
situated in the bottom of Tidiwa Bay. 


Precise Levelling between Hukabori and Kutinotu: Comparison of the Heights before 
and after the Simabara Earthquake of Dec. 8, 1922. 


Bench Height |Height in| Height Bench Height |Heightin| Height 
ae in 1925 | 1894-1897 | difference pantie in 1925 | 1894-1897 | difference 
a a B a—pB a B a—p 
+ o m m cm. m cm. 
Tide Use |e 349112) 4. 2ULAd 0.00 5398 2.3296 | 23074] + 152 
5 3.0954 3.0474 | + 4.80 5397 141.6720 | 141.6482 | + 2.38 


5399 7.0652 7.0516 | + 1.36 5396 46.9539 | 46.9259 | + 2.86 
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Diagramatic view of the former heights and the changes of heights of B.M. 


The heights of B.M. in 1894-1897 are indicated by the lower curve with the scale on the left band side. 
The changes of heights of B.M. relative to the above-mentioned curve are indicated by the upper curve with the scale on the right hand side. 


Each dot indicates the position of B.M. 
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Precise Levelling between Hukabori and Kutinotu: Comparison of the Heights 
before and after the Simabara Earthquake of Dec. 8, 1922. (Continued.) 


i" aT: + : ht} = 
Benes | Height [Bepntia] eight | onon | Helge [Beutel sBeiehe 
a B a—pB | a B a—pB 
m a : cm. | ia = vin m ; ee 
5395 13.3503 eyes | Se ral 4278 4.0062 3.9559 | + 5.03 
5394 2.7586 2.7440 | + 1.46 4279 4.1786 4.1228 | + 5.58 
#5393 15.0352 | 14.6728 | + 36.24 | 4280 3.8360 3.7760 | + 6.00 
*3592 46.6466 | 46.0018 | + 64.48 4281 4.1764 4.1203 | + 5.61 
5391 143.6248 | 143.5976 | + 2.72 | 4282 4.2254 4.1714 | + 5.40 
5390 210.3740 | 210.3479 | + 2.62 4283 4.4294 4.3734 | + 5.60 
5389 | 106.8628 | 106.8287/ + 3.41 | 4284 4.4759| 44165} + 5.94 
5388 16.3916 | 16.3663 | + 2.53 4285 ' 8.5423 8.4903 | + 5.20 
5387 3.1283 3.1083 | + 2.00 4286 7.5696 | 7.5229} + 4.67 
5386 16.1633 | 16.1456 | + 1.77 4287 3.3882 3.0704 | + 1.48 
5385 26.6275 | 26.6074 | + 2.01 4288 3.1712 3.18387 | — 1.25 
5384 29.9065 | 29.8798) + 2.67 || *4289 17.4938 | 17.1513 | + 34.25 
5383 4.0029 3.9798 | + 2.31 4290 28.3879 | 28.3869| + 0.10 ° 
5382 8.4753 8.4480] + 2.73 | 4291 15.1645 | 15.1518 | + 1.27 
5381 10.2860 | 10.2599| + 2.61 4292 3.4829 34961 4 1.32 
5380 18.7110 | 18.6801 | + 3.09 | 4293 3.7311 3.6887 | + 4.24 
3303 8.8817 8.8427 | + 3.90 4294 6.6462 6.6034 | + 4.28 
3303 8.8817 8.8427 | + 3.90 4295 4.5750 4.6363 | + 3.87 
4265 4,8434 |. 4.7966 | + 4.68 4296 2127309 | 21.6918:| + 4.51 
4266 3.0276 3.0988 | — 7.12 4297 12.0113 | 11.9734 | + 3.79 
_ 4267 2.8812 2.8706 | + 1.06 | 4298 3.6481 3.6158 | + 3.23 
4268 3.8414 3.7948 | + 4.66 4299 3.3483 3.3114 | + 3.69 
4269 61.8540 | 61.7711 | + 8.29 4300 3.9871 3.9548 | + 3.23 
4270 4.2160 4.1460 | + 7.00 | 4301 3.4725 3.44389 | + 2.86 
4271 4.0771 3.9987 | + 7.84 4302 4.0689 4.0320 | + 3.69 
4272 4,9610 4.8926 | + 6.84 4303 4.3557 | 4.3232 | + 3.25 
4273 5.1619 5.0967 | + 6.52 4304 6.3451 6.3153) Fi, 2.98 
4274 6.4285 6.3650 | + 6.35 4305 2.7348 2.7328 | + 0.20 
4275 4.4967 4.4383 | + 6.84 4306 15.1522 15.1422 | + 1.00 
4276 5.7650 5.7079 | + 5.71 (7) 61.3313 |} 61.2914 | + 3.99 
4277 4.7964 4.7448 | + 6.16 


ae 


* B. M. No. 5393, 5392 and 4289 had been removed from their original positions before 
the second survey was carried out. 


Seismographic Study of the Simabara Earthquake. 


By A. IMAMURA. 
(With Plates I and II.) 


With reference to the severe earthquake which visited Simabara 
peninsula on the 8th of December, 1922, several reports and addresses were 
made at the committee meetings by members at the time, but, unfortun- 
ately no summarised report has yet been presented. It was consequently 
arranged that, as the late Dr. Omori’s contribution, a generalised report 
be compiled by using as material the articles which were contributed by 
the deceased to the “ Gakugei”’ magazine, together, amongst other matters, 
with the results of the surveys made of changes in the seal-level in the af- 
fected districts. While engaged in this work, however, as a result of my 
own independent investigations of the seismograms and reports of the 
earthquake in question, I arrived at certain conclusions which are diame- 
trically opposed to those reached by our late esteemed colleague. These 
were duly laid before the members at one of our meetings for their discus- 
sion, but I do not deem it inappropriate to set down here again the points 
over which we are in disagreement, and which are as follows :— 
According to Dr. Omori 

(a) “The maximum phases, which are mainly transverse waves, 

“become horizontal vibrations with a direction at right angles to the 

“vertical plane including the origin, the epicentre and the observer’s 

“ station. © 

(b) “Since at the epicentre, longitudinal waves become wholly 

“vertical vibrations while the transverse waves become wholly hori- 

“zontal vibrations, even at the epicentre the vertical motions are 

“comparatively small so that the energetic motions are mostly the 

“horizontal ones. At the epicentral regions in the Mino-Owari and 

“Sakata earthquakes, massive temple gates and pedestals of stone 

“lanterns moved as much as 1 foot to 3 feet, indicating strong hori- 

“zontal movements so that in the matter of earthquke-proof construc- 

“tion it would seem that the horizontal motions are far more to be 

‘dreaded than the vertical ones, so that as long as the structures are 
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“built to withstand the former no attention need be paid to the 

“ latter. 

(c) “According to the seismograms obtained at Nagasaki the 

“maximum actual ground movement was 41 mm. with direction 

“N 6° E and S 6° W so that if the commencement of the preliminary 

“tremor were nearly E—-W, the direction of the two motions would be 

“ nerpendicular to each other. 

(d) “The duration of the preliminary tremor works out to 6.6 

“sec. the correctness of which is beyond doubt.” 

Now, as stated by Dr. Omori, the direction of maximum motion as 
registered by the Nagasaki seismograph was N6°E and 86° W, but it 
would seem that an error was inadvertently committed in placing the 
direction of the initial preliminary tremor as E-W. As the preliminary 
tremor was 3.3 mm. S and 1.9 mm. E this makes an angle of 36° with the 
direction of the maximum phase above mentioned, hence, if anything, it 
is nearer to a parallel direction than one at right angles. In all proba- 
bility it arose through Dr. Omori having accepted as axiomatic his gene- 
ralization as quoted in (a) above. It is of course true that in the case of 
distant earthquakes, in seismograms of horizontal motion, the preliminary 
vibrations (longitudinal waves) and the maximum vibrations (transverse 
waves) are generally normal to each other, but for near earthquakes this 
does not always follow ; at times they coincide and at others they may be 
oblique to, or at right angles, to each other. Actual instances of this have 
been multiplied several times since the last great earthquake. In hori- 
zontal motion seismograms the reason for the transverse waves making 
various angles with the longitudinal waves seems to lie in the simple fact 
that the former waves in their propagational path from the origin to the 
observing station, vibrate in a line perpendicular to the direction of the 
wave transmission, and in their passage the vibrations may travel, not 
necessarily in a horizontal direction, but in all directions about a point, 
according as they are influenced by the nature of the original impulse 
which set them in motion or by boundary conditions existing in the media 
through which they travel. Misinterpretations, such as have been pointed 
out, do not seem to be confined to any one observer, for, in connection 
with the great Kwanto earthquake of 1923, Dr. Jaggar, basing his obser- 
vations on-my data for Hongo, Tokio, of N 38° W and S 38° E as the diree 
tion of the main phase, took a straight line perpendicular to this in 
determining the direction of the seismic origin. (Bulletin of the Seismolo- 
gical Society of America, vol. 18, no. 1.) Taking the direction of Naga- 
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saki’s preliminary tremor as S 30° E, Kumamoto’s as § 70° W and Kago- 
shima’s as § 11° E, and combining the three we get the origin as being 
situated in the neighbourhood of A in the annexed map, PI. L. 

There is next the disagreement with respect to the period of 6.6 sec. 
as the duration of the preliminary tremor. Our lamented colleague was 
quite positive as to the correctness of this result, but Mr. S. Maeda, director 
of the Nagasaki Observatory, doubted it. One of his contentions was that, 
inasmuch as the durations of the preliminary tremors of the aftershocks 
ranged from 2 to8 sec., the duration of 6.6 sec. given for the preliminary 
tremor of the main earthquake itself was exceedingly doubtful, and that, 
rather the point where the vibration became somewhat larger ought to 
have been taken as the boundary line of the two motions, which would 
then give a result of 3.3 see. While lam in sympathy with this argument, 
taking into consideration the preliminary tremor and the direction of the 
initial phase, I prefer to regard them as belonging directly to the earth- 
quake which took place at 1h 49m 57s in the morning, and as the fore- 
shock of the earthquake which caused the greatest damage to the Simabara 
peninsula. In other words, I should like to regard these disputed shocks 
as Twin Earthquakes. . 

This, in fact, is the conclusion I came to after close examination at 
Nagasaki of the seismograms covering several days following the severe 
earthquake. It was found that seismograms of after-shocks, particularly 
those coming immediately after a big shock, resembled each other fairly 
closely, whereas in seismograms of the big shocks themselves, the forms of 
the vibrations preceding the maximum phase showed no similarities, but 
did so in the succeeding vibrations. This was specially noticeable in the 
Kagosima seismogram (see Pl. II) in that, with the exception of the biggest 
shock, the various directions, particularly those running E—W, and the 
vertical motions showed pronounced similarities in their seismograms. In 
the case of the vertical motions, they began with large vibrations mostly of 
about the magnitude of wave no. 19 (see Pl. Il), after which it assumed 
the maximum phase. Compared with these, the seismograms of the 
biggest shock showed quite different characteristics, consisting of 
small vibrations at the commencement but gradually increasing in 
size. What claims our special attention at this stage is the close 
resemblance between the form of the vibrations immediately follow- 
ing the maximum phase of the biggest earthquake and the form of 
the maximum phase itself of the second severe earthquake of 11 a.m. 
The ordinary seismograph at Hukuoka also showed these peculiari- 
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ties, which for lack of a better name I shall call ‘‘two step” motions, 
meaning that, whereas in the usual order of things a preliminary 
tremor is followed simply by the principal phase, in this case the order is 
repeated, that is a preliminary tremor (p in the plate, A) smaller than the 
same phase of the second severe shock (P in the plate, B) is immedtately 
followed by another set of preliminary tremor (P in the plate, A) after 
which come again the two-stepped principal phases (s and S in the vertical 
seismogram). Further, in the Hukuoka seismogram just mentioned, parti- 
cularly in the vertical motion, a fairly large vibration follows one second 
after the initial tremor implying a distinct and separate earthquake. 

Now, as just mentioned, if we regard the first big shock as a twin 
earthquake, then, on the principle that seismic motions due to earthquakes 
originating from a common source are similar, seismograms taken simul- 
taneously of earthquakes originating from near localities should resemble 
each other, since, if otherwise, it would be contrary to the principle 
involved. 

Twin earthquakes are not so rare as might be supposed ; we have had 
experiences of them in the earthquakes that originated at sea off Kasima 
on the 31st of May, this year; also in the northwestern part of Kasumiga- 
ura and the northern part of Tokyo Bay on the 30th of Octobcr last. On 
the assumption that the severe earthquake as mentioned in the previous 
paragraphs was a twin earthquake, I have analysed them as follows :— 


Station Pea ne oie Hue y ae Lee i ne aes Focal distance. 
sec. sec, km. 
Nagasaki oe 3.6 74 
Kagosima ms 18.8 140 
Hukuoka ays 1 ay 95 


2 


By combining the above results the origin of the severest shock is at 
a point B, lying to the west of Simabara peninsula in Tidiwa Bay. 

Lastly, there is the disagreement in regard to the relative strengths of 
the longitudinal waves forming the vertical motion and the transverse 
motion waves forming the horizontal motion. Our late colleague, accus- 
tomed to seismograms of earthquakes with epicentre at some distances 
away, erred in assuming that the preliminary vibrations of earthquakes, 
whether originating comparatively near or distant, always consisted of 
minute vibrations, or “tremors,” as the name implies, thus inadvertently 
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introducing errors into his observational results for stations situated in the 
epifocal area. It is only quite recently that we have had opportunities of 
studying earthquakes of which Tokyo was the epicentre ; several having 
occurred this year. In this class of earthquakes it was found that the pre- 
liminary vibrations, instead of being a tremor, exhibited the largest 
vibrations of the entire motion, so that the transverse waves were weaker, 
or, at the most, equal to it in strength, which simply means that the verti- 
cal motions were of a higher order of energy than the horizontal ones. 

It seems, furthermore, that inasmuch as the periods of vibration of 
the longitudinal waves are comparatively small, the energy of the waves. 
during its propagation is rapidly absorbed by the surrounding media, with 
the result that at a distance away from the origin it is reduced to a mere 
tremor. 

The late Dr. Omori attributed the large displacements by overthrow 
of simple objects in the meizoscismal area, solely to horizontal motion, but 
the fact that these large displacements occurring within a limited area all 
take place in a parallel direction and towards the same direction and never 
opposite to each other, and also together with the fact that these displace- 
ments occur in the same manner at repeated occasions, cannot be explained 
except as the results of strong vertical motions as well as horizontal. At 
all events, while the destructive energy of earthquakes at regions situated 
at distances somewhat remote from the origin may be traced to hori- 
zontal motions, for the case of the epicentral regions and vicinity, there are 
reasons which do not permit us to disregard the effects of the vertical 
motions as also being a contributing factor. 


November 16th, 1924. 


Map showing the position of epicentre. 
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The Tazima Earthquake of 1925. 


By 


vy 


A. Imamura. 


(With plates I-X VIII.) 


1. Outline sketch. 


The earthquake which shook the northern part of the province of 
Tazima, lying on the Japan Sea, at about 11h on the morning of May 
23rd, 1925, resulted in the destruction of 3400 houses with a death toll 
of 428 lives. It was indeed a semi-worldshaker, and of such magnitude 
that the seismic waves generated were perceptible to seismographs half 
way round the globe. In marked contrast with this, however, the meizo- 
seismal area was quite small, for on following the lower reaches of the 
Maruyama river (also called Asago river), it embraced an area no larger 
than 16km. E-W by 20km. N-S. The origin was in all likelihood 
near the cove of Tuiyama situated at the outlet of this river where it 
discharges into the Japan Sea, so that another meizoseismal area of 
equal extent must have extended to the northward of this place. 

While the meizoseismal area practically comprised the soft, damp 
ground forming both banks of the Maruyama river, the region sur- 
rounding it consisted of hard igneous rocks and old sedimentary rocks. 
The two last-named being poor shock-absorbers, acted as favourable 
media for the transmission of seismic waves, a fact which presumably 
had no small influence in the distribution of the seismic intensity. 

. The energy of the vibrations upon leaving the meizoseismal region 
of soft rocks and entering the hard rocks surrounding it, immediately 
fell off in intensity, and the isolated patches of high intensity scattered 
here and there, such as we have been accustomed to associate with the 
general run of earthquakes, were very few in number, Although the 
seismic intensity abruptly diminished in its progress in the manner just 
stated, it maintained thenceforward an uniform rate of energy for a 
considerable distance. (See Pl. I and II.) 

Perhaps the most noteworthy feature of this earthquake is the fact 
that, unlike in most earthquakes, the meizoseismal area was sharply 
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marked off from the other areas, one of the contributing causes being 
no doubt the differences in their respective geological characters, that sur- 
rounding the meizoseismal area being virtually a barrier wall of granite 
and. liparite. 

As shown on PI. I, there were two centres of maximum destruc- 
tivity in the meizoseismal area, one in the southern part of it in the 
town of Toyo-oka and the other in the northern part along the shore 
of the cove of Tuiyama. In the former the comparatively heavy damage 
suffered, as shown in the tables annexed, was due to two causes—ex- 
tremely soft nature of the ground composing the region and the faulty 
construction of the houses, although as a matter of fact the seismic 
intensity here ought to have been less than at places situated on the 
mouth of the river. As to the northern part of the meizoseismal area, 
whereas in the town of Kinosaki the houses were also of bad construc- 
tion, the effects of maximum destruction were observed in the village 
of Tai forming a part of Minato-mura despite the fact that this region 
is of Tertiary formation, all of which would seem to imply proximity 
to the origin. Or we might regard it as the epicentre, but in the 
absence of definite information concerning changes in the adjoining sea- 
bed, the question will have to be left in abeyance. However, a post- 
seismic survey of the region has been made by the Naval Hydrographers 
(Report no. 38, Imperial Naval Hydrographic Dept.), thus providing us 
with much valuable data for reference and study, but what displacements 
have been observed were in no case so great that we could hardly deny 
them as due to probable errors, neither were there any tidal waves regis- 
tered by the tide-guages so that we will not be far out in assigning the origin 
to the neighbourhood of the coast along the cove of Tuiyama, situated 
just at the point where the Maruyama river empties into the Japan Sea. 
In support of this conclusion we might mention the newly formed Tai 
fault, and also the manner of distribution of the aftershocks about the 
region as personally experienced by the writer during: his four days stay 
in the district which ended May 31st. As to instrumental determina- 
tions of the origin, those based on records furnished by a few obser- 
vatories located at no great distance from the affected area, indicated in 
the main a point quite close to Tai as the likely origin. 
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TaBlLe I. Casualties. 
& eae rae ke 3 
= | Town or | Preseismic | 4 % Collapsed |., 8 2 bo 8 z 3 
2} vi Fue ee Pe eae a ee eee By omar 
3 Village WEll- jouses wars : 
Bs re ings | lation FA.c| | houses | 96 on ay is = 
Toyooka 2,178}11,097| 1,483) 489) 25 30) 122) 2,124) 87| 293\Conflagration 
Hatidyd 368) 1,910 18 4 42 224 279 2 @ 
Nitta 480} 2,449 Pian Ghee slo Lie «0 He 4mm ieaee 3 
\Mie 408} 2,527 Loi 4 59 225 290. 
Taduno 444) 2,311 102) 23 118 208 428 15s 
Gonosy6 677| 3,293 56 gi ~=S 20] 421] «497; ~=—5|~Ss gp Hanya 
hamlet burnt 
Utikawa 395| 1,642 61} 10 5) 79) 190K ti}, 13 
‘¢ |Kinosaki 702) 3,410) 548 39) 59 10 16| 604) 272) 198|\Confiagration 
oe . / ld } ¢ oc Tui ama 
a Minato 813| 4,434} 148 438] 72) 142). 93] 821) 33] 243 bat iee tsi 
“ |Takano 648) 3,546 31; 5} 61| 199) 291 8 
; - 7 Severest in 
Nakasudi 498} 2,761 1 Sie 46} 254) 303 “Kaya haraict 
Nakatakano 405) 2,531 11} 394 405 
Kasumi 1.055} 6,135) 53 53 
Kutisatu 528] 3,326 1 5} 3868) 374 
Kokuhu 701) 3,370 3 23| 309) 335 4 
Nasa } a} 4 
Sansyo ai 
Total 8.151} 42,759} 2,180) 1,275 723) 3,266) 7,444] 421) 804 
7 ig 
a2 Kumihama 458) 1,927 200i 4 59 Tu 7| 39 
= ee, 
Total 2,180] 1,295) 773] 3,266) 7,514} 428) 834 
TaBLE II. Seismic observations at the different stations. 
Station P or P |Dur. prel. intensity ee Remarks 
1lh tre. (Mercalli) Biase 
n s 8 
Tokusima 9 (e 19 S Sharp, pendulum clock stopped. 
Kyoto 44 16 5 NW Aftershocks, pen. clock stopped. 
Toyooka 57 11 | S26e°wW | P.... 11.0 mm. S, 0.5mm. W. 
Niihama 10 00 3 . 
Tu 02 23 4 W_ | Aftershocks, vert. mot. pron. 
Koti 04 3 
Tadotu 04 Dy 5 ESE | Gentle. 
Yagi 05 25 5 NW Sharp. 
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TasLE II (Continucd). 


Station oa giclee rel, ieee initial Remarks 
phase 
Okayama : 07 71 4 SSE 
Hikone 08 ZI Pen. clock stopped. 
Sumoto 0g 16 5 SSE 
Hamada 1 39 4 NNE 
Hukui 12 7 4 SE Pen. clock stopped. 
Wakayama 14 20 5 8 Gentle. 
Takayama 16 3l 0 WSW 
Husiki 16 26 3 SW Gentle. 
Gihu 17 22 3 | WNW | Pen. clock stopped. 
Sisaka-zima 18 3 
Sionomisaki 19 32 3 poe Gentle. 
Turuga 2) 4 
Kure 21 34 4 
Kanazawa i. 15 3 SW Gentle. 
Matumoto 28 41 0 SE 
Nagano 30 44 3 ENE | Sharp. 
Matuyama 31 33 4 NNE | Gentle. 
Tida 36 0 WwW 
Takata 38 47 0 ESE 
Numadu 39 49 1 SW 
Simonoseki 42 45 0 WSW | Sharp. 
Kohu 44 46 4 | WNW | Gentle. 
Tokyo 45 65 1 
Kumagai 46 53 I ENE | Gentle, aftershock. 
Utunomiya 48 62 0 
Niigata 49 62 7 NE Gentle. 
Tukubasan 5) 0) 
Maebasi 5) 56 0 SW 
Yokohama 51 61 i ; 
Mera 4 62 Ga ty 
Mito 57 67 0 ESE 
Nagasaki 59 77 0 WSW | Gentle, aftershock. 
Hukuoka ig Oe 58 0 W 
Saga 00 81 if 
0 


Miyazaki 02 


a es ee ee ee 
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Taste II (Continued). 


D : : Dir. 
Station eee PEP ARES: Monel) es Remarks 
Tyosi il (: 80 0 
Yamakata 05 82 0 
Kagosima 13 92 0 
Midusawa Ny 86 0 NE 


We shall now proceed with the results of our investigations made 
in the affected area. 

Toyo-oka town. Coincident with the earthquake fires started from 
three different places but fortunately they were easily extinguished. 
However, two hours later, namely, at about 13h 380m, fire starting from 
an overturned house next door to the post-office spread rapidly and 
consumed two-thirds of the town, including most of the principal build- 
ings. It is generally held that the reason for the fire having assumed 
such dimensions was due to the fact that the local fire-brigade after 
having quelled the first fire, had relaxed their vigilance to such an 
extent that when the second fire-call came they were quite unprepared 
for immediate response, thus causing loss of much valuable time. Also 
the streets leading to the scene of the fire were so blocked with pros- 
trated houses and other debris that traffic was greatly impeded, if not 
prevented altogether. These circumstances interfered somewhat with our 
own investigations into the damages caused by the earthquake as apart 
from the fires. On the other hand fortunately, Dr. T. Matuzawa, 
Assistant Professor of the Imperial University, Tokyo, in charge of a 
number of students from the Seismological Institute were on the spot 
so that full investigations concerning the fires, their origin and extent 
besides meteorological conditions and various other matters were duly 
taken in hand by them, as can be seen from their reports already 
published, so that it will not be necessary for me to dwell on them in 
this paper. (See Pl. XVI) The action of the Meidi Fire Insurance Co. 
in promptly despatching an official to conduct full investigations regard- 
ing the conflagration on the lines initiated by one of our members, 
Prof. Seiji Nakamura, at the time of the great Kwanto earthquake cannot 
be too strongly commended. With the permission of the said company 
we have incorporated into this report as a supplement, their charts 
for which favour, as well as for the many valuable and interesting 
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photographs loaned us, we take this opportunity of expressing our sincere 
appreciations. (See Pl. XVII and XVIII.) 

We are thus already in possession of much valuable information 
regarding the damaged condition of the town of Toyo-oka so that I 
shall here merely confine myself to a bare description of conditions as 
I found them. 

From a general inspection of the devastated district my opinion is 
that the proportion of houses destroyed as a direct result of the earth- 
quake was from about one-third to one-fifth of the original total (see 
Pl. VIII-X). On the street facing the railway station and extending 
for about five blocks east to west, about 90% of the houses were over- 
turned, and in the case of two-storeyed structures most of the lower 
storeys had collapsed, leaving the upper storey to fall to the ground 
quite intact (Pl. IX), the direction of fall always being westwards. 
This section of the city was formerly a lot of paddy fields recently filled 
in with some five feet of earth, hence newly made ground, which fact 
was responsible for the heavy damage, but what contributed still more 
to it was the very defective construction of the houses. In looking over 
the ravaged areas a noticeable feature was the preponderance of destruc- 
tion on the streets that ran in an E-W direction, especially so in the 
newly made ground above mentioned, whereas in the streets which 
were at right angles to them, the damage suffered was much less not- 
withstanding the fact that many of them stood on soft ground. This 
led to the current belief that the earthquake moved in an E-W direction. 
From my own investigations the direction of the main phase seemed 
to be from W by N to E by S or from WNW to ESE, so that there 
would seem to be a modicum of truth in the popular idea, but in 
settling this question it behoves us to take first of all careful note of 
the general method of house construction in vogue in this section of 
the country. Pl. X, Fig. 3, shows a house that was being built at 
the time of the earthquake and which might be taken as typical of the 
manner of construction in vogue. In the building of these houses, 
after the supporting pillars have been placed every meter apart for each 
of the right and left hand side walls, ties are run through them hori- 
zontally also a meter apart, then strengthened by small wedges and the 
whole then plastered over, but for the sides at right angles to them (one 
of them, the back, is seen facing us in the photograph) there is no 
pillar at all between the two end corner posts. 

Obviously such a structure will offer considerable resistance to a 
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shock coming in a direction parallel to the protected walls, but they 
will be positively at its mercy should the motion come from a direction 
at right angles to them. In the latter case the resistance will probably 
be no more than one-tenth of that in the former. It follows then that 
houses so constructed are safe for earthquake motion in one direction 
only, but dangerous when it comes from a direction perpendicular to it 
so that they are not earthquake-proof. 

Now since the earthquake motion was practically in an B-W direc- 
tion, houses, which faced the streets running in the same direction, 
obviously had their protected walls perpendicular, and their unprotected 
walls parallel, to the direction of the street and consequently with the 
earthquake motion, with the result that much damage was suffered, 
whereas houses facing streets that ran in a N-S direction escaped with 
little or no damage. However, even in the case of houses of the former 
class, those that had several supporting pillars in the interior partitioning 
walls in an E-W direction withstood the shock as in the case of the one 
seen left standing in the foreground of Pl. X, Fig. 2.” It should also 
be noted that with houses facing streets running N-S, although the 
walls that were parallel to the longer axis of the house suffered no 
damage, those forming the shorter axis were in several instances put 
out of plumb. 

Kinosaki. This town is a watering place situated along a small 
valley of Tertiary formation and has six thermal springs in a line with 
the river course. Of its 700 houses a large number were hotels, mostly 
three-storeyed with a sprinkling of four-storeyed buildings. While the 
houses built directly on local rock free of loose surface soil were not so 
affected, those built lower down on comparatively soft ground following 
the river course collapsed mostly at the junction of the first and second 
storeys with the upper storey intact, so that two-storeyed houses became 
one-storeyed and three-storeyed houses became two-storeyed as shown 
in Pl. XI, Fig. 3 and 4. Under these conditions fires naturally broke 
out from a number of places. With the big shock it started from five 
different sources which soon after increased to eight. Flying sparks 
and cinders helped to spread the conflagration, and within about four 
hours the major portion of the town consisting of 548 houses was laid 
waste with a casualty list of 272 lives. Pl. XI, XII and XVII will 


1) Although not shown in the photograph, this particular house had several pillars 
in the required direction in the partitioning walls in ne interior of the house, so that 
it was saved. 
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help to convey some idea of the havoc wrought, not even forests escap- 
ing the ravages of the all-consuming fires. The proportion of ruined 
houses as a direct result of the earthquake, however, does not seem to 
have exceeded 50% of the original total as an examination of Pl. XVII. 
An idea of the appearance of a house escaped from a fire can be gained 
by comparing Pl. XI, Fig. 3 which was taken before, with Fig. 1 of 
Pl. XII taken after, the fire on May 29. Although I took up my 
headquarters on the second floor of the abandoned Kinosaki Hotel, there 
were several other buildings temporarily abandoned but which could 
well have been used as a makeshift. 

Momosima is a hamlet situated on the other side of a hill forming 
the northern boundary of the spa town of Kinosaki, with the greater 
part of itself built on a filled up swamp. The damage here was unduly 
heavy with even a case of a house that shifted bodily from its founda- 
tion (Pl. X, Fig. 4). Not very far from here a portion of a railway 
track subsided, causing temporary suspension of traffic, but all railway 
damages were repaired with amazing alacrity so that by midnight of 
the eventful day traffic on all the lines were functioning. The loss from 
damages within the compounds of the two stations of Kinosaki and 
Toyo-oka, including that of the station buildings, was estimated to reach 
Yen 200,000, the comparatively small damage being largely due to 
their having been situated on hard ground. 

There were rumours to the effect that the hotsprings of Kinosaki 
had undergone changes, so in order to verify them I made personal 
examinations of the springs at 17h on the 29th of May and obtained 
the following results:— 


Dizo-yu_ (spring) 49°.0C 
Itino-yu 3 59°.6 
Mandara-yu_,, 59°.8 
K6no-yu - 48°.6 


which being their normal temperatures, no changes have taken place, 
a most fortunate thing indeed for this town and which will largely 
determine its future reconstruction possibilities. 

Minato-mura, As this group of hamlets was in the epicentral 
region the damage caused by both earthquake and fire was very great 
as can be seen from Table III. At Tuiyama, one of the hamlets, the 
northern part of it comprising more than a half of the entire hamlet 
was wiped out, leaving intact only a new temple that was in course of 
erection (see Pl. XVIII). In the central part of this hamlet about a 
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quarter of the total number of houses were either shaken down or else 
badly damaged, while in the southern section there was an equal pro- 
portion of houses damaged, although very slightly. At the hamlet of 
Seto, also, despite the hard nature of the ground, the damage was very 
great, particularly so at the Késai primary school (Pl. XIII, Fig. 1 
and 2), where a beam at the entrance of the building fell and crushed 
a boy to death. On the left hand side of Fig. 2 in the same photograph 
is shown the roof of a sheltered playground, which also fell in and 
crushed five young people to death. The chief causes underlying the 
heavy damage to the school have been treated by Mr. Taniguchi (report 
in Japanese), but what arrested my attention when I visited the spot 
was that a portion of ihe space covered by the school building was 
newly made ground where an earth-fissure had formed running right 
“underneath the building. When this fissure opened it naturally tore 
the building asunder. There were also constructional defects in the 
building itself with simply aggravated matters. As to the southern 
wing of the building which was left standing, we found that it was 
resting on rock without the usual mantle of loose soil, and where 
we could not detect a single earth-crack. Thanks to the good material 
employed in this part of the building the only effect of the shock that 
we could discover was a slight canting of the building towards the 
north, but as its ability to withstand aftershocks was apparent, our 
party did not hesitate to spend a night on the upper floor. As to the 
aftershocks that were felt here by us that night, and also on the follow- 
ing morning, they will be taken up in a later paragraph. 

The village office of Minato-mura is shown in Pl. XV, Fig. 4 and 
is a substantially built ferro-concrete structure, such that it was claimed 
to be a model of what such offices in Japan should be. Beyond a few 
insignificant cracks on the walls the building came through the severe 
ordeal quite unscathed, with the result that in the days immediately 
following the earthquake it was utilized considerably by various in- 
vestigation parties and others, but the undignified action of these people 
in scampering pell-mell out of the building on the occasion of every 
aftershock, thus augmenting the then nervous tension of the ignorant 
populace, was very thoughtless to say the least. 

Tai. In this hamlet 82 out of a total of 83 dwellings were thrown 
down, leaving unharmed only a two-storeyed Young Men’s Club build- 
ing. There were left standing, besides, a warehouse and a temple, 
but all the dwelling houses proper were demolished (see Pl. XV, Fig. 
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Tape III. Casualties in Minato-mura. 


i 


total’ | burnt lapsed | col. aged col. % 

Kozima 39) 83 0 23 52 6 28 1 5 
Seto 574 116 1 48 53 14 41 4 33 
Tuiyama 1377 25) 145 68 37 0 85 19 82 
Kei 1129 191 2 92 *70 27 85 6 15 
Tai 494 3 0 67 *15 1 99 7 46 
Hatakami 517 59 0 10 *24 25 sv 0 0 
Mihara 153 31 0 il *20 20 68 0) 0 

Total 4434 818 148 309 271 93 72 37 182 


i a a a  S 


* Repair incapable. 


1 and 2). Unfortunately, it was the season for rearing the silkworm 
with the result that the inmates of 36 of the houses were making use 
of charcoal fires for the purpose, so that immediately after the big shock, 
fire broke out in three different places, while smoke was seen to be 
issuing from several others. At the same time pitiful cries for help 
could be heard coming from several quarters from underneath the fallen 
beams and other heavy material, but those who were able got together 
and promptly set to work to put out the fires before attempting any 
rescue work. After the fires had been put under control attention was 
concentrated on the extrication of the unfortunates pinned under the 
fallen buildings, whereupon 58 out of a total of 65 persons were saved. 

In the case of most earthquakes, after a preliminary tremor lasting 
from 7 to 10 seconds comes the big shock, but at Tai the preliminary 
tremor lasted only a second or two, or three seconds at the most, which 
helps to confirm the report that these seven who were killed were 
found to have died in the very act of their occupations, in other words 
death was instantaneous owing to the suddenness of the principal shock. 
Now, since the greater the shock the greater is the casualty proportion 
likely to be, credit for this small casualty list must be given to the 
wisely directed efforts of the inhabitants in first fighting the fires before 
undertaking rescue work, for if the fires had been allowed to hold full 
sway, as was the case at Toyo-oka, Kinosaki and Tuiyama, the death-list 
would have been far greater, to say nothing of the inevitable heavy 
losses in property. If on the other hand these good people had reversed 


The Tazinia Earthquake of 1925. aT 


the order of things and taken up rescue work first, their success would 
have been limited, since much time would have occupied the work of 
rescuing the people imprisoned under fallen roofs, beams and such heavy 
material, so that hardly before anything could be accomplished the 
fires would have rapidly advanced and swept everything before them. 
For the poor unfortunates a little delay in rescue would have been 
nothing compared with the deadly fire peril. This experience drives 
home to us in an eloquent manner the importance, in the event of a 
destructive earthquake, of first fighting the fires before proceeding with 
the rescue work, as a step towards reducing the casualties to a minimum. 
To show how well the people of Tai were provided in the matter of fire 
control, we learnt that there was even a female fire-corps equipped with 
a gasolene fire-engine. Obviously, it is only with such ideas and equip- 
ment on the part of the citizens that earthquake emergencies can be 
met in a proper and efficient manner. 

It was in this region that the so-called Tai fault (Pl. I and XIV) 
was discovered, and in regard t> which I shall make only a few re- 
marks, referring the reader to Professor N, Yamasaki’s valuable paper 
following the present report. 

The fault is on the top of a hill, the highest part of which is 231 
meters, and lying to the north of the village of Tai. There were formed 
two fault lines almost parallel to each other and running in a direction 
SW to NE for a distance of nearly 1500 meters, the distance separating 
the two being about 400 meters at the widest part. A view of the hill 
as seen from Tuiyama is reproduced in Pl. XIV, Fig. 4. The spot on 
the hill where a landslide occurred forms one end of the fault line, 
and Fig. 1 and 2 show where the western fault line traverses a grove 
of willow trees, the making of willow wicker baskets being an important 
industry here. While the vertical dislocation here was only 20cm. and 
the horizontal shift (the western side towards the south) not more than 
6cm., there were places where the vertical shift, or throw, was as much 
as 1 meter. Fig. 3 is a continuation of the same pictures and shows 
the formation of a trench, the spot in the middle of the picture where 
a man is seen standing being the central part of the rift. 

Some ascribe this dislocation to a mere surface movement but my 
opinion is that it is deepseated, as will appear in the next paragraph. 

The hamlet of Kei suffered almost next to Tai, the loss being 161 
houses out of a total of 191 with six persons killed. Here also fires 
broke out but with the aid of a gasolene fire-engine they were put out 
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after two houses had been burnt down. From reports received later, 
it seems that very conspicuous earth-fissures were noticed at a place 
lying southwards of the primary school, and that for several days fol- q 
lowing the great shock warm water was being ejected from these fissures. 
The fact that these cracks were in a direction parallel with the Tai 
fault lends strong support to our conclusion that they were a continua- 
tion of the fault. 

Kumihama. This is a town in Kyoto prefecture, and as is shown 
in Pl. XVII, Fig. 2 destruction was confined almost to the central 
part of the town, particulary the soft grounds forming the river banks, 
but considering that it was distant only 8km. from the epicentre, the 
damage sustained was small, being only 4% of the total. By the time 
the seismic energy had reached this place much of it must have been 
dissipated, but an interesting phenomenon in connection with the earth- 
quake left its record in the sinking under 7 feet of seawater of a paddy 
field and a mulberry patch that were on either side of the mouth of 
the Kadurano-gawa, a stream discharging into the northeastern end of 
Kumihama Bay (see Pl. XV, Fig. 3). The area of these two fields was 
25 acres, and while at some places the overlying depth of water was as 
much as 7 feet, the average depth was about 4 feet. These two spots 
were however nothing more than a sort of delta formed by deposits of 
soil and sand which had been accumulating for the last 10 years, and 
being only loosely held together, the earthquake simply shook them off 
so that they slid into the sea. Of almost equal interest was the pro- 
duction of a seiche in the northern half of the bay, brought about by 
the slipping of the two fields just described and resulting in waves as 
high as three to four feet. 

Takano, This town is situated at the same distance westwards from 
the epicentre as Kumihama is situated from it eastwards and with pretty 
much the same proportion of houses thrown down. What claimed our 
attention here was the displacement made by the main sanctuary of the 
Takano shrine the shift being 16cm. in a direction S 62°E. 

Another interesting thing here was the yielding of a girder of the 
wooden bridge spanning the Takano-gawa river (Pl. XIII, Fig. 8). 
According to the village office people, one of their officials was just 
crossing the bridge when the girder gave way, whereupon he instantly 
ran for his life to the opposite side of the river, upon reaching which 
he found to his astonishment that the earthquake had already ceased 
completely—another proof attesting the extraordinary suddenness with 
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which the big shock came and as suddenly went away. 


2. Measurements of the earth-movements. 


Although in most countries, including our own, observational 
methods for the rapid motion of distant earthquakes are in a fairly 
advanced stage of development, those for the fundamental slow motions 
of the same class of earthquakes, or for near earthquakes for that 
matter, do not seem to be receiving the attention they deserve at the 
hands of investigators. Personally, I cannot help deploring the unsatis- 
factory character of the seismograms of the recent earthquakes as obtained 
at various stations situated close to the scene of the disaster. The Osaka 
station possesses an Omori seismograph with which good records were 
obtained (Pl. V), but owing to instrumental defects the natural free 
vibrations of the pendulum are found to be mixed up with the prelimi- 
nary tremors, so that to determine the actual ground movements is 
extremely difficult. In these circumstances the only course open is to 
confine our analysis first to such records, the comparative correctness of 
which we are reasonably certain, and then go on to the actual ground 
movements which took place at Osaka. 

The Tokyo observations, At the Seismological Institute very 
valuable records were obtained with a horizontal seismograph having a 
self-vibration period of 33 sec. E-W and 30 sec. N-S and a magnification 
of 1.5 times. To this we have added the record given by a vertical 
component seismograph with a self vibration period of 12 sec. and 
magnification 20 times, the three traces being shown on Pl. III. We 
had, besides, two instruments with a self vibration period of 10 sec. and 
magnification 2 which gave fairly good results (PI. IV), but soon after 
the commencement of the main phase rather large undulations crept in, 
thus proving imperfect damping and the necessity for considerable cor- 
rections. However, even were we to make the required corrections, it 
is necessary that we firstly consider the 1.5 times seismogram, the details 
of which are as follows :— 

Magnification=1.5 times; time «f commencement=11h. 10m. 49 
sec. ; duration of preliminary tremor=61 sec.; total duration=30 min. 


The E-W motion. 


Period of P =10 see. Amplitude (a) of P = 0.2mm. W 
(so HS: = 3.1 see. do, Ss = (1.8mm. E 
Period of most intense phase (EK) = 3 sec. Double amplitude (2a) = 7 mm. E 
do, L =13 sec. - do. = 4 mm. E 

WwW 


do, M = 8 sec, do, =14.8mm, 
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The N-S motion. 


Period of P =10 see. Amplitude very slight. N 
do. S = 4 sec. do. = 0.8mm. N 
do. most intense phase (E) = 3 sec. Double amplitude = 3.6mm. N 
do. L =14 see. Amplitude =14 mm. N 
do. M = 8 sec. do. =14 mm. § 

The resultant wave. 

Direction of P by tromometer=E upwards. 

Period of most intense pbase (FE) = 3° sec: Double amplitude = 7.9mm. 
do. M = '8 Sec. Amplitude =2).4mm. 

The vertical motion (Diagram 3). 

P=upward motion. 

Period of most intense phase (EF) = osee: Double amplitude = 2.6mm. 
do. M = 6 sec. Amplitude = 3.8mm. 

Results from 2-time mag. instrument (Pl. IV). 

Period of P Amplitude of P 
do. 3S = 4 see. do. S=0.9mm. E; 0.8mm. N 
do. most intense phase (KE) = 3 sec. Double amplitude 8mm. E; 3mm. N; 

(resultant wave 8.8mm.) 
do. M =12 sec. do. 23mm. E 


(resultant wave 3lmm.) 

In the 2-time mag. record above, the vibration periods of S, E etc., 
when compared with the free vibration period of the pendulum, is less 
than one third of that of the latter and by comparing same with the 
record of the 1.5 times seismograph, we see that it closely approaches 
the actual ground movement, thus rendering any correction unnecessary, 
but as the period of the M waves approached very closely the natural 
vibration of the pendulum, resonance effects were set up. Now assuming 
the earthquake motion to consist of sinusoidal waves, and introducing 
a correction for the resonance phenomenon with ratios of amplitudes of 
consecutive phases, the values of which are 2.17 and 1.97 in the E-W 
and N-S components respectively, then the amplitudes of the M phase 
in the E-W and N-S components together with that of their resultant 
come out as 11, 13 and 17mm. The results thus obtained are very 
near those given by the diagram of the 1.5-time seismagraph. 

The Osaka observations. (See Pl. V.) These were made by an Omori 
seismograph (natural size) having a free vibration period of about 4 sec. 
Details are 

Time of commencement=1th. 10m. 4.4 sec.; duration of preliminary 
tremors=14.8 sec. . ; os, 

P. Towards W 0.7mm.; N 2mm.; downwards 0.5mm. Between a 
and } the natural period of the pendulum has. twice obscured the traces 
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of the actual ground movement, which fact can be confirmed by com- 
paring the diagram with that of the aftershock of May 26th. 

S. On the large natural vibrations, c, f and g, of the pendulum may 
be seen superposed the main phase movement which has made two 
complete swings back and forth. 

The first wave scd—23mm. W; 8mm. 8. Next 37mm. E, 3.5mm. N. 

The second wave def—15.5mm. W; 8.5mm. 8S. Next 33.4mm. E, 
27.5mm. N. 

From here onwards the pendulum’s own free vibrations cannot 
be disentangled from the true motions of the earth particle. From the 
foregoing data we have deduced the follownig elements:— 

Direction of the initial tremor=N 20° W. 

Double amplitude of the maximum earth-movement (assumed 
to be cd) =37mm. with a period of 1.6 sec. and direction E 
by N. 

Although results of observations of the initial severe shocks are as 
above, those of the aftershocks made at the various stations were more 
satisfactory, especially those of Prof. Shida of the Kyoto University 
made with his new sensitive seismograph of 20,000 times magnification, 
which in a very brief interval recorded as many as 12,000 aftershocks. 
There are, besides, observations from the stations of Toyo-oka, Kobe 
and Osaka which we have tabulated in order to facilitate comparisons, 
and which will be found as an appendix to this report. I wish now 
to take this opportunity of sincerely thanking all those who so kindly 
sent us their observations. Although a note of dissatisfaction was sounded 
in an earlier paragraph concerning the seismogram that was sent us by 
the Osaka observatory, I should like to explain that the complaint had 
reference to the inefficient condition of the instrument and not with the 
members of the staff there, to whom, in particular, I feel bound to 
convey my appreciation of the good work done in spite of the handicap 
of a defective instrument. 

When contrasted with the great Kwanto earthquake, the present 
one showed some distinct peculiarities, the outstanding one being the 
unusual short duration of the shaking. In the vicinity of the epicentre 
the duration perceptible without instrumental aid must have been about 
20 sec. As for the duration of the preliminary tremor, around Kinosak1 
it was most likely some seconds, but at Minato-mura it could not have 
been more than from one to two seconds or at the most thrée seconds. 
For the main phase, the one that causes the destruction,- it seems to 
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have been a matter of only one or two complete swings back and forth. 
Actual experiences at the primary schools of Kei and Seto seem to bear 
out these conclusions. There is also the experience of the village official 
as already described, who on running for his life from a bridge whose 
girder gaye way, to the opposite bank of the river a distance of 40 
meters, found on his arrival there that all motion had completely stopped. 

As regards the intensity of the earthquake, observers are practically 
unanimous in the opinion that in the vicinity of the epicentre it must have 
been about 40% of the acceleration due to gravity, but as to the period, 
or the amplitude of the said motion, there is a diversity of opinion. 
To take one example, there is Dr. Suda’s figure, based on the personal 
experience of Mr. Yamazaki, Director of the Toyo-oka observatory, as 
well as on records of aftershocks, and from which he deduces 0.2-0.3 
sec. as the period of the maximum phase. While I do not in the least 
question the verity of the said personal experiences, nor that of the 
observations of the aftershocks, I am sorry that | am compelled to admit 
difficulty in accepting this particular motion that has been considered 
by him as being the main motion which was responsible for shaking 
down buildings, those wooden ones that stood from two to four storeys 
in height, and as this question is an important one from the standpoint 
of practical seismology I shall discuss it fully. 

Up to now there have not been many earthquakes in which the 
ground movements at or near the epicentre were measured by instru- 
mental means. For Tokyo, we have had some two or three examples, 
but in none of them did the main phase, which is the motion that 
causes the destruction, have a period of less than from about one second. 
We find this exemplified in the case of the Tokyo earthquake of June 
20th, 1894; in the Ryugasaki earthquake of Dec. 8th, 1921 (Pl. VD; 
in the Uraga Channel earthquake of April 26th, 1922 (Pl. VII), and 
finally in the great Kwanto earthquake of Sept. Ist, 1923. But even in 
these we shall find superposed on the main phase waves, small waves 
(ripples) which we might call ‘‘ harmonics,’’ but which ought not to 
be ignored. Turning our attention to the seismogram of the Uraga 
Channel earthquake selected for elucidation, the main phase shows a 
double amplitude of 59mm, with a period of 1.4 sec., but in addition 
to this, there is seen following it for an interval of some 10 seconds, a 
small wave having a total amplitude of 7mm. and a period of 0.8 sec. 
This recurd was rejected by the late Dr. Omori as being imperfect and 
unreliable (Seismological Notes, No, 3, Art. 11) although I must confess 
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inability to see anything the matter with it, for on comparing it with 
the diagram obtained by the Tanakadate strong motion seismograph 
(loc. cit., Pl. III, Fig 4) its trustworthiness is quite apparent. In our 
next example, the Ryugasaki earthquake, we find another important 
thing. This earthquake in its E-W motion registered 34mm. for its 
double amplitude in one single wave of period 3.6 sec., whereas in the 
N-S motion during the same interval, two waves are shown, which is 
to say that whereas for the first and second waves the double amplitudes 
are 29mm. and 12mm. respectively, the periods are for either case one 
half that of the corresponding E-W motion, namely 1.8 sec. These 
horizontal motions compounded give a parabolic curve as per diagram 
in Pl. VI. Possibly, doubts may be entertained as to whether or not 
this difference of periods in both components is, as in Melde’s experi- 
ments, due to errors arising from natural vibrations inherent in the 
instrument, but when contrasted with the period of this motion, not 
only is the natural period of the seismograph three times that of the 
earth’s vibration of 3.6 sec., but the record from a horizontal pendulum 
with a free vibration period of 30 sec. (Seism. Notes, No. 2, Fig. 5) is just 
the same as the register obtained with this instrument of 2-time magni- 
fication and period 10 sec., so that it does not seem as if the difference 
in periods in both components can be accounted for by any instrumental 
peculiarities. For this earthquake, besides the foregoing, there is re- 
corded for several seconds following it, another small wave of double 
amplitude of 4mm. and a period of about 0.8 sec. 

In large earthquakes like the preceding the amplitude of the small 
wave, or ripples, is comparatively small, but as the earthquake dimi- 
nishes in strength the period of the fundamental wave also diminishes. 
On the other hand, the small wave that is superposed on it becomes 
more and more pronounced, so that eventually the fundamental wave 
is recognised only with difficulty. Under these conditions the period 
of the main phase of a small earthquake becomes reduced to the order 
of one second or thereabouts. 

As the probable reason for this I venture to submit the following :— 
In any earthquake the fundamental waves, together with their harmonics, 
are propagated from the focus, but the period of the former varies with 
the energy of the original impulse, and also with the extent or size of 
the block regarded as a vibration-generator. These variations would 
also seem to determine whether the harmonics shall be monotonic or 
otherwise. Leaving aside the question of whether or not we are justified 
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in our interpretation of the seismograms, it must be said that the 
majority of the actual cases that have been studied have led us to the 
foregoing conclusions, therefore, in the case of the Tazima earthquake 
we cannot very well take the period of the maximum phase of a small 
aftershock as the period of the maximum phase of the initial severe 
shock. As being appropriate to the preceding discussion a table is here 
added, in which are compared the observational results at Osaka and 
Tokyo of the initial severe shock of the Tazima earthquake, together 
with those of the aftershocks of May 26th (see No. 88 in the list of 
aftershocks appended) and June 23rd., and from which can be seen the 
magnitudes of these three earthquakes and the periods of their maximum 
phases. 


Taste ITV. Comparative view of the seismic observations 
at Osaka and Tokyo. 


Osaka (distance 125 km.) Tokyo (distance 460 km.) 

ce Double amplitude Period Double amplitude Period 
mm, sec. of sec. 

May 23 37.0 1.8 10.4 3.0 
May 26 6.1 1.2 0.18 1.8 
June 23 0.054 1.6 


According to this table the period of the main phase as registered 
at Tokyo is nearly 50% greater than that of the corresponding phases 
registered at Osaka, the explanation of which would seem to be that in 
the transmission of the earth vibrations those of quick period were 
quickly absorbed by the intervening medium, thus rendering its traces 
on the diagram almost illegible. Furthermore, in the Osaka diagram of 
the initial big shock, attention is drawn to the small waves with a 
period of 0.8 sec. which are distinctly seen following the S-N motion cd, E- 
W motion ff’ and the vertical motion ¢. Perhaps these small oscilla- 
tions are characteristic of the Osaka region, but seeing that waves of 
such a period can be noticed quite prominently even in the preliminary 
tremor, I am still inclined to regard them as nothing more than waves 
propagated from the seismic focus. 

As motions causing the destruction of fairly tall buildings in the 
epifocal area we might mention firstly the wave of period 1.8 sec., 
although, I presume that the small wave of period 0.8 sec., together 
with the one of 0.2-0.3 sec. that was felt by Director Yamazaki, did 
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really exist and that they showed their effects as well. Needless to say, 
we cannot very well consider the period alone independent of the am- 
plitude, but taking for granted that the acceleration as deduced from 
the period and amplitude is an invariable quantity, it may not be 
unprofitable to see what will result as a change in the period. Assuming 
the seismic intensity to have been 40% of that of gravity, then the 
amplitudes for periods of 0.2 or 0.3 sec. work out'to 4mm. or 9mm. 
Such a small but quick motion might overturn cylindrical objects of 
small height, or cause small cracks in walls. It might also be felt as 
a fairly strong shock by the unaided senses. But their effect on objects 
having larger natural periods of oscillation of their own would probably 
be very much less. For this reason I have an apprehension that an 
error has been made in the conclusion that the main phase responsible 
for the destruction was the wave of period ranging from 0.2 to 0.3 sec. 
as personally felt by Director Yamazaki. 

In the first earthquake there were no cases observed of large dis- 
placements made by simple-shaped objects. The most conspicuous one 
did not show a greater shift-than 5 or 6 inches. (Pl. X, Fig. 4.) This 
would seem to suggest that there was no motion sufficient in either 
strength or amplitude to cause large displacements, nor a repetition of 
shocks that were violent but of smaller amplitude. On the other hand, 
while the magnitude of the shocks was on the whole on a small scale, 
so long as any objects were displaced we should be able to recognize 
the effects of the horizontal motion where it overcame the frictional 
forces during the instantaneous interval. 

It would seem that in and around Momosima the seismic intensity 
was something like 40% of gravity, so that were the acceleration of the 
vertical motion to operate against gravity at the instant, we could readily 
imagine objects displaced instantly or by a succession of rapid motions. 
However, the amplitude of a motion with period 0.2 sec. and an accel- 
eration 40% of g is not likely to be much over 4mm., hence, as already 
mentioned, not only is it difficult to suppose that such a small horizontal 
movement can be responsible for the overturning of tall wooden build- 
ings, but it does not even seem sufficient to explain the phenomenon 
of small displacements. Since, moreover, the vertical motion of such 
quick-period waves in working against gravity is very liable to produce 
displacement, then at places like Takano situated close to the origin, it 
was probably responsible for the small displacements cited, notwith- 
standing the fact that the intensity of the horizontal motion was no 
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more than about 20% of gravity. 

In concluding our remarks on the nature of this carthquake mo‘ion, 
attention is called to the phenomenon of stationary waves exhibited by 
the mud stratas of the lower part of the Maruyama river, and also on 
both of its banks. These were gravity waves due to the earthquake 
motion having acted similarly to water that is confined in a vessel. 
The area affected by this earthquake being longer in the N-S than in 
the E-W direction, and as the direction of the main phase was likewise 
in a nearly E-W direction, there was a nodal line along the middle 
part of the river basin parallel to the banks, while along both banks 
stationary waves with loops could be observed. As a consequence of 
this we should expect to see phenomena resembling inundation at the 
river shores, and this is what has precisely happened, it being traceable 
in the paddy fields either as surface undulations or as earth cracks 
ejecting mud and sand in such a manner as to confound at times the 
investigators who were in the neighbourhood trying to discover faults. 


3. The seismic origin. 


As stated in an early paragraph, the distribution of the earthquake 
intensities points to either the cove of Tuiyama or its vicinity as the 
origin. Taking this place as the centre, a reduction of the results of 
observations of four near stations brings us practically to the same 
conclusion, but, unfortunately, the fact that these observations do not 
include one from a station situated in the north, somewhat discounts 
their value. The question then arises as to whether or not we ought to 
take for the epicentre a locality some kilometers north of Tuiyama, 
which in any case is not likely to exceed 10km., and to obtain which 
accurately, we have available the distances computed from the durations 
of the preliminary tremors from seismograms of the above four stations. 
An alternative method is to determine it from the directions of the 
preliminary tremors, but the objections to both of these methods is that 
seismic waves are not transmitted in anything like an orderly or regular 
manner. In the unavoidable circumstances the writer, in his quest for 
the seismic origin, had to rely on his own personal observations of the 
aftershocks during his four days sojourn in the shaken districts, and 
which will be found arranged in Table V below. 
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Tables V. Aftershocks felt by unaided senses. 


Aftershock . Azimuth 
Date no. in at earthq, Intensity A aes Me 
Appendix prel. tre. eeaid observation 
d I Mm sez, Ta ia 2 aco 
97 16 3 181 3 NNE weak Momosima 
mn ; : ac Seto Prim. 
28 21 38 23 Eby S slight col 
29 00 16 208 = E by 8 do. do. 
ZO Of 39 214 1 E strong do. 
Om 2 eo) 218 — S 60° E slight Kanzui 
29 17 49 220 — N 63° E do. Kinosaki 
SOCOM Ou - 3 NE do. do. 


As nothing more than a compass and a stopwatch was used in the 
above observation, the scientific value of the results are obviously open 
to question, but in anticipation of contingencies like the present, the 
writer has been using this seemingly rough and ready method for some 
time, always comparing them afterwards with the instrumental results, 
until by dint of practise a stage of proficiency has been reached, where- 
by, as in the case of the preliminary tremors, the errors are invariably 
within 10% of the true results. As for the earth sounds or rumblings, 
since the apparent direction of the origin as indicated by these sounds 
do not always accord with the actual origin owing to topographical ir- 
regularities, only those that were heard on plains or level ground have 
been considered. Out of the seven listed above, the one heard at the 
Kosai Primary School in the early morning of the 29th had especially 
to do with the shock that violently shook the already partly demolished 
school-house. This shock was strong enough to alarm some of the 
members of our party who passed the night on the upper floor of the 
partly ruined school-house. The writer was however able to experience 
it outside of the building on level ground. Since the severe aftershock 
of the 26th, this one, in the opinion of many, was the strongest felt, 
and that in all its features, from the earth-sound down to the main- 
phase, it was a faithful repetition of the initial violent shock. 

At Tai and Kei the duration of the preliminary tremor was only a 
matter of one or two seconds, or three seconds at the most, whereas at 
Kinosaki and Takano it was barely three seconds. The reason why, as 
in the above list, the preliminary tremors could not be noticed was that 
either they were too weak to be sensible, or that they did not exist. 
The accuracy of observations made on the third night may be questioned 
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on the score of physical strain and fatigue on the part of the observer 
through lack of sleep, but it is well to explain that in investigation 
tours like the present, the writer generally manages to do with little or 
no sleep for days, keeping strict vigil with compass, watch, candles and 
matches so as not to allow the slightest phenomenon to escape unobsery- 
ed, with the result that such observations are likely to be more accurate 
than those made in the day time. 

By collating the foregoing aftershocks with the observations made 
at Toyo-oka, we get the origin as being near the eastern shore of Tui- 
yama cove, or rather about where the Tai fault made its appearance. 
However, the focus from whence originates the aftershocks is not always 
the starting point of the initial severe shock, but if the latter were really 
situated a little distance off the cove of Tuiyama, then it would be 
legitimate to expect aftershocks in that vicinity, so that during the four 
days of our sojourn aftershocks should have visited that region. Again, 
as has already been stated, there are observers who hold that the after- 
shocks of the 29th behaved similarly to the initial severe shock, which 
goes to strengthen the writer’s conviction that the latter had its origin 
in the Tertiary block forming the right hand shore of Tuiyama coye, 
in, which case the intimate relation between the origin and the Tai fault 
becomes obvious. It would then also accord with the sound directions 
of the initial severe shock found for various places, namely, NE for 
Toyo-oka; NW for Kumihama and Mihara; W for Tai and Kei and E 
for Takano and Kasumi. 

The foregoing data for the estimation of the seismic focus naturally 
apply to that of the focal depth as well. Personally, the writer is in 
favour of taking the depth as being under 25km., say, about 10km., 
which would then be in accord with the intensity distribution. On the 
latter assumption the focal distance from Takano or from Kumihama 
will be equal to the focal distance from Tai or from Kei increased by 
3029, in which case the notable disparity in the seismic intensities re- 
ferred to previously become explainable. If, on the other hand, we take 
the depth as, say, 40km., then the distances from the places just men- 
tioned to the seismic origin will practically be the same, but we shall 
then find ourselves in a dilemma since this would argue practical uni- 
formity: of geological structure for all the places mentioned, in which 
event the disparity in the seismic intensity distribution would remain 
unexplained. | 


In the present discussion when the focal depth is considered in con- 


The Tazima Earthquake of 1925. 93 


nection with the duration of the preliminary tremor as basis of compu- 
tation, then the term seismic origin means the point of propagation of 
the seismic motion, but when it is considered from the standpoint of 
intensity distribution, then it refers to the centre of the area where the 
seismic force is being generated. When the seismic force is very great 
we must consider the two as separate and distinct, but if the shock is 
shght and is more or less of a local character there is no harm in treat- 
ing them as the same. Dr. K. Wadati, who investigated the depths of 
the seismic focus and the layer of discontinuity from the transmission 
curves of the P and P phases of the present earthquake, estimated the 
focal depth at 833km.” The discrepancy of the data on focal depth thus 
worked out may be due to the difference of foci dealt with. We might 
also add that while with earthquakes of inland origin, as distinguished 
from those of submarine origin, the focal depths in the majority of cases 
seem to be in the order of 40 to 50km., their depths for destructive 
earthquakes come out comparatively shallow. 

Let us now try to imagine how the seismic force acted. Taking first 
its projection on the zone of activity as a strip along the eastern shore 
of Tuiyama cove, one end of which is in alignment with the right bank 
of the lower Maruyama river in a SSW direction and extending to the 
east of Kinosaki, although it is difficult to form an opinion as to the 
distance it extended in the other direction. In the absence, then, of any 
traces of changes in the sea-bed or evidences of tidal waves, (the seiche 
of Kumihama Bay having no bearing on this subject), the writer hesi- 
tates to prolong the principal portion of this area northwards, and would 
merely place it at a distance some 2km. from the eastern shore of Tul- 
yama cove and then extend this a little towards NNE and SSW. This 
then is the projection on the earth’s surface of the block being acted 
upon by the forces generating the earthquake, although, for reasons 
previously stated, we take the actual centre of the zone at about 10 km. 
below the surface. Now suppose that this has been cut by a vertical 
plane running E-W and that we are looking at one of the cut surfaces 
from the south. The zone in question will then appear again in front 
as a narrow strip. This strip is a slant, sloping downwards from east 
to west, and it is convenient to regard the force as acting along the 
western side of this strip and in a downward direction from E to W. 
On this assumption not only the various phenomena connected with the 
seismic origin, but the distribution of the direction of the preliminary 


1) K. Wadati: Geophysical Magazine, Vol. I, No. 3. 
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tremors observed at the various stations (Pl. II) will find themselves 
accordant. 

Again, let a line A be drawn through the seismic origin and draw 
lines B and OC, one on each side of A and 200 km. distant from it res- 
pectively. Then in the region between A and B the initial phase is 
directed towards -the origin, but in the region A and C, it is directed 
away from the origin. The explanation of this seems to be that in the 
case of the initial phase for the region between B and C the seismic 
waves have been transmitted through the sial, whereas for that outside 
of B and C, the waves have passed through the sima. As to the force 
that acted on the eastern block of the fault, it would appear to be suf- 
ficient if we regard it as the result of rebound of the block through 
release, at the moment of the earthquake, of the long-continued stress 
which had been acting there, in all probability from the northwest, 
against the main island of Japan. 


4, Causal relationships. 


The San-in seismic zone A discussion by the writer on this seismic 
zone will be found under the title “‘ The Hamada Earthquake of 1872 ” 
in the Report of the Committee No. 77, wherein was also described the 
characteristics of earthquakes that have originated in this zone, together 
with their subsequent behaviour, and from which it will be seen that 
the present earthquake originated in the eastern part of this zone, and 
that as has already been observed, the seismic activity seems to be shift- 
ing in a north-easterly direction. It is also to be noted, as is fully dealt 
with in a subsequent article in this report by Dr. Yamasaki, that with 
unmistakable signs of the focal zone having undergone conspicuous 
changes in the past, the occurrence of the present earthquake is not a 
matter for surprise. In this connection we might add that some of our 
party were made the targets of uncomplimentary remarks on the as- 
surance of the Kinosaki districts from future destructive earthquakes 
alleged to have been made by the late Dr. Omori, but it is well to ex- 
plain that it is highly probable that the assurance was due to some 
misinterpretations of certain data covering the seismic history of the 
region. 

Premonitory signs. In respect to this earthquake there seems not 
to have been wanting certain secondary causes deserving notice, one of 
which was the coincidence of the time of occurrence of the earthquake 
with the period of the new moon. Of greater significance, however, 
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was the manifestations, prior to the earthquake, of signs pointing to 
certain agencies at work in bringing about the final catastrophe. The 
observations of the Toyo-oka station of the Kobe. Marine Observatory, 
although very valuable in other respects, failed to reveal any evidences 
of foreshocks or earth-tiltings, but it would be illogical to deny even 
minute tiltings from the negative evidence. The reservoir of the Toyo- 
oka water-works, which, by. the way, was maintained by the private 
efforts of a public-spirited citizen, was in a locality situated southwards of 
the Genbudo railway station. We learn that from about the day before 
the earthquake the water volume appeared to observers as having sudden- 
ly diminished. 

After the earthquake prospects seemed favourable for a careful re- 
survey by the Land Survey Department of ‘the levelling route passing 
through the affected districts, but it failed to materialize, although even if it 
did, it is a cause for regret that the route extending from the direction 
of Miyadu, passing through Kumihama and Toyo-oka and then proceed- 
ing southwards through mountains, links only distant Tottori without 
approaching at all the meizoseismal area. In addition to this drawback 
there is the unfortunate fact that benchmarks at several important points 
have lost their original identity, not only through the action of the 
elements but also through the perversity of ignorant people. 

We are pleased to be able to say that nearly two years after the 
above was written, that is on March 7th, 1927, a survey was started as 
a result of the severe Tango earthquake which followed the Tazima 
earthquake, and what was most fortunate, the survey took in the latter 
district as well. The results of this survey have enabled us to deduce 
changes in the land-level which took place in the regions forming the 
subject of this paper, and from which it seems that in Toyo-oka and 
vicinity there was a depression of some 30cm. in the level districts and 
about 10cm. in the hilly sections. From this it is quite natural to con- 
ceive of considerable changes having occurred in and around the neigh- 
bour-hood of lower Maruyama river, which was only to be expected as 
a result of the mechanism of earthquake generation referred to in pre- 
vious paragraph. (See Pl. I.) 

Relation with the Outer Seismic Zone. (The two seismic zones 
lying parallel to the trend of the island arc, one on the western or Japan 
Sea side, and the other on the eastern, or Pacific Ocean side, are called 
respectively the Inner and Outer Seismic Zones.) During the periods 
preceding and following the great Kwanto earthquake of 1923, activities 
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were displayed by the outer seismic zone and continued for some time, 
so that the severe Tazima earthquake which took place in this period 
may safely be considered as having had some causal relationship with 
the great Kwanto visitation. As parallel cases we may take the earth- 
quake which originated at sea off Kusiro and Nemuro (Hokkaido) on 
the 22nd of March, 1894, with the one that occurred at Sakata (Ugo 
Province) on the 22nd of October of the same year. In 1896, on the 
15th of June, came the great submarine earthquake of the N.E. 
Japan which was accompanied by that great tidal-wave, whereupon on 
the 31st of August of the same year, the provinces of Ugo and Rikutyt 
in northern Japan were visited by a great earthquake. Dr. Suyehiro 
has called attention to a simiiar sympathetic relationship in the case of 
the present earthquake, and indeed it is not impossible to trace connec- 
tions between the inner and outer seismic zones of Japan. For example, 
after the great earthquake and tidal-wave had visited the provinces of 
Hytiga and Osumi in the year 1662, that is fourteen years later, in the 
year 1676, there was an earthquake in Tuwano in the province of Iwami. 
Four years after the great earthquake and tidal-wave in the Nankaido, 
namely in 1711, there was an earthquake at the boundaries of the three 
provinces of Mimasaka, Inaba and Hoéki. On the 28rd of December, 
1854, a severe earthquake originated off the Tokaido and the following 
day another big one originated off the Nankaido with tidal-wave, and 
within a period of from three to four years after this, four severe shocks 
struck Tuwano and Hamada in the province of Iwami, throwing down 
walls and stone fences, with finally the very violent earthquake of Hamada 
of 1872. Seeing, therefore, that the present violent earthquake occurred 
one year and eight months after the great Kwanto earthquake of 1923, 
we cannot very well refuse to acknowledge the relationship here as were 
found for the foregoing examples. 
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Observations of Aftershocks at the Différent Stations. 
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Map showing the seismic area of the Tazima earthquake of 1925. (Numerals 
underlined denote percentage of houses collapsed. Numerals by the B. M. 
route denote the height change in ¢m.) 
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Index magnification =2, time scale=4 cm./min 
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Kumihama Bay 


On the Cause of the Tajima 
Earthquake of 1925 
ly 


N. Yamasaki 


(With Plates I & II.) 


On the 28rd of May, 1925, at 11h. 10m. 49s. the boundary district 
of the two provinces of Tajima and Tango on the coast of the Sea: of: 
Japan. was visited by a severe earthquake, the damage being particularly 
heavy near the. mouth of the River Maruyama so that in the town 
of Tsuiyama, lying where the river discharges into Tsuiyama Cove, 
practically half the number of houses were shaken down while fire 
destroyed the rest. In the hamlets of Seto, Tai, Kei, Hanya, Kojima 
and Momoshima earthquake and fire destroyed nearly everything. At 
Kinosaki, the celebrated spa of this region, all that could be seen remain- 
ing were a few ruined houses, fire having consumed the rest. 

At Toyo-oka on the upper course of the river, all houses that were 
on soft, filled-in ground near the railway station were demolished, but 
of the remaining houses the loss suffered was due to fire rather than 
the earthquake, the proportion of the total being 6596 of the original 
number so that fire claimed 1383 houses in all. On the other hand 
losses suffered by the other hamlets in the vicinity were remarkably 
small. Towards the neighbouring province of Tango, and also at places 
lying on Kumihama Bay, te losses were quite heavy, but the region 
that received the severe damage was an area comprised within an 
imaginary circle of radius 8km. described with Tsuiyama Cove as 
centre. This would leave the town of Toyo-oka as an isolated spot 
outside of the circle, but the reason for the heavy damage to this town 
has been given at the beginning of this paragraph. 

Detailed reports received from the affected districts being in accord 
with Dr. Imamura’s results of observations at the Seismological Institute 
of the Imperial University, Tokyo, in pointing to the vicinity of the 
outlet of the Maruyama River as the origin, the writer decided to make 
field investigations on the spot, and, accordingly, left Tokyo for the scene 
of the disaster on the 26th of May in company with Dr. Imamura, 
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Dr. S. Tsuboi and Mr. Suzuki. On the following day we inspected the 
town of Toyo-oka as well as Kinosaki and environs, while the 28 th 
found us exploring the shores of Tsuiyama Cove and vicinity, where, 
eventually, on the top of a hill at Tai on the eastern side of the bay, 
we discovered seismic fault-lines fully exposed to view. The next day, 
joined by Mr. T. Matuzawa and his party of University students, a 
thorough examination of this district was made when it was found that 
there were two parallel fault-lines, and after satisfying ourselves that this 
was the origin of the present earthquake, we named it the “‘ Tai Fault.’’ 

Topography of 
Cove and Environ. This region 
is hilly land with rhyolitic tuff 
as its foundation, and _ volcanic 


Tsuiyama 


as Ripa 


rocks such as rhyolite or basalt kyjinaff he ih 
as overlying ones. Mt. Kurui- y 7 
a Iz 5 ty an E i} 
dake 560 metres high, to the left _Momostina WM kei 
of the river, as well as Moriage- ~ Kingsahi \ i 
s sor wy i 
yama 426m. high seen rising A 
: 1 
towards the west of Seto, together kurvi-dake if /sasaura \ 
: , : Y : Ae 
with the other neighbouring Toshima 


peaks, are of rhyolite. The region 
lying on the right of Maruyama 
River is chiefly tuff, with outcrops 


; Gen ( 
here and there of volcanic rocks, PENENG. if 


7 
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the celebrated basalt cave Genbu- 
do on the river bank being a 
conspicuous example. Along the 
river bank the heights of the 


4 . 
7 Shimotsurul 
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hills scarcely reach 200 m., but 
as one proceeds eastwards they 
suddenly increase to 800 and 
400m. The latter all rise sharply 
from the sea, forming steep cliffs, 
on whose sides may be seen layers 
of tuff traversed by numerous faults, and the way in which the blocks 
lying between the faults are tilted, exhibit, even within small areas, 
signs of great crustal.changes having taken place after the layers were 
deposited. 


On this coast there are two indentations due to tectonic depression 
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the one on the east being Kumihama Cove, and the other on the west Tsui- 
yama Cove. The former no longer retains its previous shape, its mouth 
now being almost blocked by a very picturesque sand-bar, while the latter 
bay is, not only smaller in size, but is more simple in structure, its pre- 
cipitous scarps being evidences of past depression. In shape, this cove is 
rectangular and indents itself obliquely ina N.N.E. to $.S.W. direction, 
its length being about 1.6km. and the breadth of 0.7 to 1.1km. The 
depth at the mouth is 20m., while at the middle it is quite shallow, being 
only 5m. The head of the cove forms the sandy beach of Kei, where 
the base of the hill which comes quite close to it, checks the waves and 
shows how recently the sandy beach came into existence. A noticeable 
feature of Tsuiyama Cove is that owing to its rectangular shape, its two 
opposite shores, consisting of steep slopes, run in a parallel direction, 
and that the tops of these slopes are as yet quite level with hardly a 
small erosion valley developed on them, all of which are eloquent 
testimony of the quite recent formation of these fault-scarps. 

At Tsuiyama Port on the western side of the cove, not only are the 
hills facing the cove very precipitous, but the western side of the hamlet 
is also separated from the adjacent hamlet of Seto by a narrow channel, 
making Tsuiyama a virtual island. This channel is nothing but a 
fault-line, both the island on one side and the shore opposite being 
steep slopes. Again on going up the Maruyama River from Tsuiyama, 
the range of hills on the western side are also very precipitous and one 
promptly notices that the base of the hills les almost in a straight line. 
On viewing this region from the summit of a hill a little to the north 
of it, its steep slopes are found to have smooth surface, whereas on the 
tops of the hills just behind them, erosion valleys have developed, the 
two making an interesting contrast and showing in a vivid manner 
that the steep sides of the former are fault-scarps. 

On examining next the eastern shore of Tsuiyama Cove although, 
as previously stated, the hill Hachiganaru lying to the north of the 
hamlet of Tai, shows precipitous fault-scarps for a distance of nearly 
1km. along the bay, it probably joins the steep slopes forming the 
right bank of the Kei River which flows into the cove, and then 
continues in a long straight line towards the south. Like the Maruyama 
River, the valley of the Kei River shows every indication of its being 
a fault origin. 

Dr. Ozawa who visited this locality soon after the writer, on 
pushing investigations further southwards, found that this fault-line 
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prolonged itself still further, appearing at the hamlet of Shimo-Tsurui 
on the eastern bank of the Maruyama River and going southwest- 
wards, joined the tectonic valley of the Nasa River. His opinion 
that the block lying between this fault-line and the Maruyama River 
subsided within comparatively recent times deserves consideration. (The 
broken lines shown on Fig. 1. are old fault-lines as distinguished from 
the new seismic ones just formed in connection with the present earth- 
quake.) 

The Tai Fault. The so-called ‘‘ Tai Fault’’ consists of two nearly 
parallel fault-lines on the summit of Hachiganaru hill. Their directions 
are parallel to the old steep fault-scarps facing the Tsuiyama cove the 
upper edges of the faulls being plainly visible and extending for a 
distance of nearly 1609m. The distance between the two lines at its 
widest part is about 400m. As shown on the topographical map attached, 
although the two sides of this hill are very precipitous, upon gaining 
the summit we find that ths top is quite level like a plateau, with 
indications that it isa remnant of an old peneplain. On the flat surface on 
the summit of this mountain we found patches of well cultivated ground 
at heights of about 100 m., where there were being cultivated lilies and 
willows, the latter being the material for the willow wicker-baskets, the 
making of which is an important industry of this neighbourhood. This 
hill-top consists of two parallel ridges, rising from either side of a 
shallow valley. The fault-lines pass these ridges, one over each ridge, 
and are visible at the surface. The western fault-line originates from 
the shore of the bay in the south and continuing upwards, has caused 
landslides at the top of the steep slopes from whence it passes into Mitano 
Platesu. On its way northwestwards from here it has caused several 
clefts and disappearing for a short distance, bends slightly eastwards, 
and after reaching the plateau it appears again in a most conspicuous 
manner, that is to say it has caused over ten clefts both large and small, 
and in one case between two clefts an area some 80m. wide has sunken 
in several steps. The width of these clefts ranged all the way from 
20 to 50cm., and the ground lying between the clefts gradually changed 
in their relative vertical displacements, in amount as well as in sense, 
so that in going along the fault line we found the subsidence to be on 
one side of the line at one time, and then on the other side at another, 
in veritable see-saw fashion. Although the horizonatl movements in one 
case exceeded 6cm., its effects were clearly discernible in the disordered 
rows of the young seedlings in the willow field. As to the cleft of which 
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there were several, the main one caused subsidence on its left hand side, 
the subsidence reaching its maximum at Noboritate, from whence the 
fault line clearly extended into the tuff beds composing this locality, 
eventually losing itself on the top of the hill towards the west of Kanji. 

As regards the eastern fault-line, it first shows itself on the southern 
end of the western scarp of Doyama Hill, which is behind the hamlet 
of Tai, and skirting the vicinity of the triangulation mark, goes on to 
Sasayama and then reaches Hachiganaru, showing itself conspicuously 
all the way. Although this line does not show many clefts or the 
trench like conditions of the western fault-line, the subsidences through- 
out the line follow closely the main characteristics of the other fault- 
line. We might add that a branch of the main fault-line in passing 
through a lily field at Hachiganaru has left there an excellent example 
of horizontal displacement. To the north of Hachiganaru, the fdult 
appears in two separate lines, the westerly one passing through a 
mulberry field, where the vertical dislocation varies from 60 to S8O0cm., 
and in some places reaching as much as one metre, thus showing the 
greatest change in the whole line. | 

Thus the present Tai fault showed itself in two planes almost. par- 
allel to the old fault-scarp that faces Tsuiyama Cove and following the 
very same manner in which the old block subsided on the occasion of 
the formation of the cove itself, the intervening block subsided towards 
the west. Undoubtedly this region was the seat of great crustal move- 
ments in the past, of which the present one is only a recrudescence. 

In addition to the foregoing, clefts were met with on the base of 
the hills near Tai, while in the hamlet of Momoshima to the north of 
Kinosaki, in the bases of the hills there were clefts accompanied by 
small undulations of the ground, but these were caused as a result of 
the difference between the vibrational periods of the soft soil on one 
side and that of the adjoining hard ground on the other due to the 
earthquake motion. To the north of Momoshima this caused wavy 
undulations in the surface of the dried paddy-fields. Between Kinosaki 
and Tsuiyama, there were many clefts cutting in the road and fields, 
while there have been observed here and there sand-cones ejecting 
water and sand, just as one usually sees in the case of destructive 
earthquakes. 

After the writer returned to Tokyo, newspapers reported the dis- 
covery of a big fault at Kongaku Valley near Seto, but Dr. Ozawa’s 
examination proved it to be merely a huge landslide. 
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The Tai fault 1 : 18.750 (Yamasaki). 
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Tsuiyama Cove with Hachiganaru Hill in{the background; with steep fault scarps 
facing the cove. The lighter shaded part is the landslide caused 
by the present earthquake. 


The willow field on the summit of Hachiganaru Hill. 
The fault is seen in the foreground. 
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ABSTRACT. 


This paper, as the title indicates, presents the results of tests that were made for 
corrosion by means of steel materials subjected to various conditions for long periods 
of time. The ages of the test-pieces ranged from 15 to 20 years, and the treatment, 
as well as the conditions to which the steel were subjected, also varied widely in 
range. The corrosion of steel placed in concrete, which is particularly important, 
was tested with concrete of various mixtures as well as with protecting concrete of 
different thicknesses. 
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1, INTRODUCTION. 


This report covers the results of two series of experiments made 
with respect to the corrosion of steel materials, the object being to 
compare the state and extent of corrosion under various conditions and 
during protracted periods of time. 

The earliest experiments were taken in hand by Professor Sano in 
October, 1907, on behalf of the Earthquake Investigation Committee, 
and the changes undergone by the materials during stated intervals 
carefully noted. The changes that were observed at the end of 2 years 
and 7 months, together with those at the end of 5 years, have already 
been made public as reports Nos. 1 and 2 in the Reports of the 
Imperial Earthquake Investigation Committee, Nos. 74 and 76 (in 
Japanese), but owing to the circumstance that some of the test materials 
had been allowed to remain under the same test conditions until Decem- 
ber, 1927, that is for a period of 20 years, they were examined again 
after the lapse of this long period, the results of which form a part of 
the subject of this paper. 

The second experiment, which followed that of Professor Sano 
above mentioned, was begun in October, 1912, by the senior writer of 
us, and covered a period of 15 years. It supplements the preceding 
experiment by Prof. Sano, and the present note being the results of 
these two series of experiments thus carried out. 

Owing to the very long periods of time involved, we believe that 
the results obtained are of value in connection with the important 
problem of steel corrosion. Our only regret is that owing to loss of 
some of the materials which were under test, they were not available 
for the second experiment, so that our investigation is not so complete 
as we could have wished. 

For the benefit of those to whom our previous reports as above 
mentioned are inaccesible, we have included in the present paper a 
resume of their main results in order to avoid any discontinuity in the 
discussion as a whole. | 
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2. RESULTS OF EXPERIMENT SERIES I. 


These tests were made for the purpose of studying corrosion Bats 
respect to the following subjects : 


A. Changes in the steel materials according to manner of use. 

B. Changes in the steel materials of different thicknesses. 

C. Value of preservative coatings on steel materials exposed 
to the atmosphere. 

D. Changes in the steel material embedded in concrete as well 
as in its preservative coatings. 

E. Changes in the steel materials embedded in concrete of 
various compositions. 

F. Changes in the steel materials embedded in concrete of dif- 
ferent thicknesses. 


Excepting for B, the material tested upon was a 2” round mild 
steel bar made into tension test-pieces of 15” length, and turned down 
at the middle for a length of 9’’ to a diameter of 2”: its mean tensile 
strength being 4200 kg/cm? and elongation 22.2%. 

A. Changes in the steel materials according to manner of use. 
The 3” round test-pieces, polished, but without application of any paint 
or preservative coating, were placed in the following situations :— 


(a) Indoors. 

(b) Outdoors. 

(c) Underground. 

(d) Under water in a pond. 
(e) Inside a brick block. 

(f) Inside a block of concrete. 


and the effects of corrosion noted. It is however to be regretted that 
the test-pieces for (a), (c) and (d) were lost, so that they were not 
available for the last observation made after 20 years. The results of 
all tests, with these exceptions, have been tabulated to enable ready 
comparison in Table I annexed. 
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B. Changes in the Steel Materials of Different Thicknesses. Round 
mild steel bars of the following diameters were left in the open, exposed 
to the atmosphere in a dry area by the old main Engineering building of 
the Imperial University, Tokyo, and the effects of rust carefully noted. 
The steel bars were all in the form of tension test-pieces of the follow- 
ing diameters at the middle :— 


1/8, 1/4;°3/8, 1/2, 3/4, and 1 inch: 


In the present examination bars of 3/8” and smaller were found to 
be entirely changed into rust. The others did not differ much from 
the appearances recorded in previous reports, but the rust had pene- 
trated the surface to such an extent that it could be peeled off in scales. 
Detaching them by gentle tapping exposed the pitted black surface, 
which upon being scratched by a knife soon revealed the bright 
surface. After the scales were thoroughly scraped off, the bars were 
weighed with results as shown in annexed Table II. Photo 1 shows 
the appearance of the bars before and after the rust was removed. 


Table II. 


Diameter 1/84 Vela | B/8F eh" 12/7 ).38/4/ a// 


Original weight of bars* 48.5 | 186 | 275 | 552 1077 |1782 | grammes. 


Weights after removal of 
rust. Average weight of 


3 bars. 0 0 0 | 160 | 580 {1115 | grammes. 
Loss in weight 48.5 | 186 | 275 | 302 | 497 | 667 | do. 
Percentage of loss 100 100 | 100 UL Wie eAOs tae Ole 


*These are the average weights used in the two previous reports. To consider 
these as the original weights of the bars in the present experiment is not quite in 
order, but unavoidable, owing to loss of the original records relating to the weights 
of the test-pieces used in the present experiments. As however the bars were 
polished bright we believe that the error is so slight as to be quite negligible. 


The combined results of experiments B, that is the relation of the 
thickness of the bars to the extent of rust after periods of 2 years & 7 
months, 5 years, and 20 years give curves as in the following diagram. 
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Fig. 1. Change in the Steel Materials of Different Thicknesses. 
100 


80 


Percentage loss in weight. 


20 


Number of year elapsed. 


From the foregoing curves it is apparent that weight loss due to 
rust increases proportionately as the diameter of the bar diminishes, 
which will be obvious from the fact that as the diameter decreases, the 
surface area per unit volume increases with every decrease of diameter, 
so that the weight loss becomes proportionately greater. On this reason- 
ing then the rate of weight loss for the same bar ought to accelerate 
with time, but results of our experiments do not bear this out, for on 
referring to the preceding figure it will be seen that the proportion of 
the rate of loss in the 3rd test when compared with that of the 2nd 
test has slightly decreased. This may be due to the protective action 
of the already existing rust layer against too rapid encroachment of 
further corrosion. 


C. Value of Preservative Coatings on Steel Materials Exposed 
to the Atmosphere. The following five tests were made to determine 
the extent of rust on bars coated with paint and other preserving 
agents. ; 

(g) Steel bar in the original state without any preservative 
coating. 
(h) Steel bar polished and coated with red lead. 
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(i) Steel bar coated with cement paste. 
(j) Steel bar coated with coal tar. 
(k) Steel bar, slightly rusted, coated with red lead. 


The general results of the examination of these tests showed that 
with the two previous tests, the one made after a lapse of 2 years and 7 
months, and the other after 5 years, no striking changes were noticeable 
beyond the fact that rust had made considerable inroads on the mate- 
rials. Table III annexed gives comparative results in detail of the 
tests made after the three time intervals mentioned. Photo 2 shows 
the appearances of the bar tested. 

According to these results, within the limits of our experiments, 
red lead has proved to be the best preservative against rust but scarcely 
for longer period than 5 years. The value of coal-tar in these respects 
is exceedingly small. Cement paste is quite effective so long as cracks 
do not appear in the coating but as this is liable to happen with time, 
it cannot be depended upon. 


D. Changes in the Steel Material Embedded in Concrete and 
also in its Preservative Coatings. In these experiments test-pieces 
of round mild steel bars, #” dia., in conditions (1) to (p) as below 
were embedded in concrete blocks of composition 1:3:6, the size of the 
blocks being 6’ x 6” x 24,” the whole left in the open in a dry area by 


the old main Engineering building of the University. 


(1) Steel bar with rust scraped off. 

(m) Steel bar in slightly rusted condition. 

(n) Steel bar with rust seraped off and coated with red lead. 
(o) Steel bar dipped in coal-tar. 

(p) Steel bar coated with cement paste. 


The results of these experiments, (p) excepted, were as follows :— 

In (1) and (m) where the bars received no coating of any kind, pre- 
servation from rust was complete with, however, the exception of 
slight red spots at places where the embedding work was not carefully 
executed. In (n) where the bar was coated with red lead, preservation 
was still more complete than in (1) and (m), but the red lead film had 
changed to powder so that there was no contact between steel and 
concrete, thus showing that where steel and concrete must be used 
together for mutual benefit as in reinforced concrete and in steel frame 
concrete, the use of red lead upon steel must be prohibited. In (0) the 
surface of the steel was in perfect condition, but the coal-tar film had , 
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as in the case of (n), become powdery. In this case, however, the 
contact between steel and concrete was closer than was the case with 
(n). 

E. Changes in the Steel Materials Embedded in Concrete of 
Various Compositions. In this experiment 3” round test bars were 
embedded in concrete of various compositions in order to determine 
the relation of the corrosion of the steel to the particular kind of con- 
crete employed. The concrete blocks were in every case 6’! x 6” x 24’, 
The mixtures stated on a volume basis were as follows :— 


No. of Mixture | Cement | Volcanic ash | Lime | Sand | Gravel Cinders 
i ii oh 2 
2 1 Zs 4 
3 1 3 6 
4 1 5 10 
5 1 2 4 8 
6 1 2 4 
7 1 1 0.25 4.5 9 


This report concerns only mixtures No. 1 to No. 6 inclusive. 

These mixtures were all used in dry consistency. In the examina- 
tions made after 5 years no changes were observed in the case of 
mixtures 1 to 5 and 7, with a few exception of slight red spots at places 
where the concrete was honey combing. In the present examination 
made after a total lapse of 20 years, the test pieces in mixtures 1 to3 
were in sound condition, so that the preservative action of the concrete 
was all that could be desired. In the case of mixture 4, however, 
about 30%, and in the case of 5, about 10%, of the surface was covered 
with rust. These were due, it seems, to the concrete mixture having con- 
sisted either of improper ingredients, or in undesirable proportions, or 
both, resulting in air spaces in the mixture. Even in these, where the 
cement paste had filled every interstice, the steel bar was perfectly pre- 
served. Again, even in the case of the first three mixtures where faulty 
workmanship had permitted air spaces to extend to the surface of the 
steel, red rust was present. Although mixture 6, the one in which 
cinders were used, showed considerable rust on the steel when examined 
after 5 years time, in the present examination 15 years later, the corro- 
sion had reached astounding proportions, covering the entire surface of 
the bar, to remove which caused a weight loss of 6%. See photograph 3. 
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F. Changes in the Steel Materials Embedded in Concrete of 
Various Thicknesses. These experiments were conducted with the 
object of finding the extent of corrosion of steel bars embedded in 
concrete blocks of various sizes. The test pieces were round mild steel 
bars of 2” dia., which after having been embedded in concrete blocks 
of the four undermentioned sizes, were left in the open, exposed to 
the air outside of the old main Engineering building of the Imperial 
University, Tokyo. 

Block No.1. 2/2 22x24” 
54 NO. 26 en G Da RAY 
iy INO, Chale ake eee 
pl eN OA ROA OA ee 36 


The present examination covers only blocks 1, 2, and 4. When 
these were examined after a lapse of 5 years, all of them, excepting 
those in which the embedding was faultily executed, were found to be 
in a state of perfect preservation. In the present examination, that is 
15 years later, or a total period of 20 years, those blocks in which the 
embedding was faulty showed great inroads of rust. Where the con- 
crete was not very thick, as in the 2/2 x 22 x 24” block, the bar was quite 
rusted and expansion had caused longitudinal cracks in the concrete 
along the reinforcement as shown in photo. No. 4. The reinforcement 
of the 6” x6” block was unaffected. Lastly on examining the 24” block, 
we found things in a state other than we had expected, the extent of 
rust covering about 10% of the entire surface. The cause of this rust 
was found to be due to interstices that had been allowed to form in the 
process of placing concrete, thus permitting the surface of the steel to 
come in contact with the air. 


3. RESULTS OF EXPERIMENT SERIES II. 


The object of these experiments was to study the extent of corro- 
sion of steel embedded in concrete, and they therefore supplement ex- 
periment series I reported in the foregoing pages. Particular attention 
was paid to the relation of corrosion to the manner of workmanship, 
that is in the reinforcing. 

In the first series of experiments the mixture of the concrete was 
1:3:6, but the proportion in the present case was 1:2:4, and, owing to 
the superiority of the latter coupled with the special care used in 
reinforcing so as to secure airtightness, not the slightest signs of 
honey combing could be detected, thus showing that the test was made 
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under ideal conditions. In these respects our experiments series I 
were not satisfactory, since, as already stated, the reinforcements in 
favourable cases were sound, whilst in others where they were not 
airtight, rust had attacked the steel. The present series of experi- 
ments were quite free from such defects in workmanship. 

The concrete used was of the ratio 1:2:4 and three kinds of aggre- 
gates were used, thus 


(a) Ordinary gravel. 
(b) Brick fragments. 
(ec) Cinders. 


Pa 


rats 
Fig. 2. Size of Test-piece of Expt. Series II. 


These were made into blocks of shape shown in Fig. 2 and into 
each of which round mild steel bars of 3/8” dia. were inserted. The 
bars were different to those used for experiment series I in that these 
were ordinary rolled bars, neither turned nor filed, being the ordinary 
rolled bars with the ‘roll skins’? on them. The reinforced blocks 
were then placed in the following situations, 


(1) In the open. 
(2) Underground. 
(8) Under water. 


Unfortunately, however, (2) and (3) were lost so that our investiga- 
tion is confined to the block which was placed in the open. 

On breaking then the three concrete blocks (a), (b), and (c) which 
had been left in the open for 15 years, the reinforcements were found 
to be quite intact, just as they were on the day they were placed in the 
concrete: an eloquent testimony to the good workmanship. 
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In contrast to the very poor results shown by the cinder-concrete 
in experiment series I, the tests in the present case gave very good 
results, because, in addition to the reasons already given, the cinders 
used this time were carefully selected and then washed with water. It 
would seem that omission of these precautions had much to do with 
the poor results of the previous experiments. By washing, all acidity 
had been removed from the cinders and as the fine particles had also 
been eliminated, the concrete was made compact. Thus we know even 
in the case of aggregates consisting of cinder as well as of brick frag- 
ments, the reinforcement will remain its original appearance even after 
a lapse of this long time of test, provided the quality of the aggregates 
and the mode of treatment has been proper. 


4, CONCLUDING REMARKS. 


These experiments having been devised and initiated as far back 
as 15 to 20 years ago, we are not altogether without some misgivings as 
to the propriety of the methods employed by us in attacking the problem. 
On the other hand we are conscious that the very general nature of our 
methods enables application of the results obtained to general present 
day problems. We shall now state our conclusions on the results of 
our observations. 


A. That steel left in the open exposed to air will soon rust is too 
well-known to need repetition, but our researches have thrown some 
light on the way in which the action takes place. Rust, at all events, 
never attacks steel in an even manner over the surface, but gradually 
pits the surface so that it is no more even but full of little elevations 
and depressions. 


To ascertain the rate of advance of this rusting process the surface 
of around bar of, say, 1’ section was assumed to be a flat surface and 
the thickness of the rust film was calculated from the extent of rust 
undergone in the 20 years, when it was found that the average rust 
per annum worked out toa thickness of 0.15 mm. Bars of 3/8” and 
smaller had in this long period rusted right through with no more steel 
left. From these examples it will be possible to work out the rate of 
time taken by rust to reach a certain stage. 


B. In the matter of preservative coatings, as far as our experi- 
ments went, red lead has proved to be the most efficaceous, although, 
prior to its application the surface to receive the coating must be 
thoroughly cleansed of any rust already existing. With our tests its 
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life was 5 years, but with the great improvements since then in the 
paint manufacturing industry, and with reasonable care exercised in 
its application, a longer lease of life may be expected. 

The efficacy of coal-tar for any length of time is not to be expected. 
Cement paste is a good preservative, provided the paste is applied in 
- such a manner as to render it airtight, but owing to its liability to 
crack and permit air to reach the steel surface, it cannot be aa tae 
upon for any length of time. 

C. In the process of reinforcing the steel must on no account be 
coated with red lead and such, because they interfere with the desired 
adhesion of the steel to the concrete matrix. 

D. To preserve steel material encased in brick masonry from 
rusting is extremely difficult. 

EK. The changes suffered by steel reinforcements in the concrete 
is an important matter in structural engineering practice. The pre- 
vailing opinion seems to be that steel in a concrete matrix is immune 
from rust. At the time these experiments were initiated the question 
to us was one of general doubt, but thanks to the tests, some doubtful 
points have been cleared. The marvellous protective properties of con- 
crete were amply demonstrated. Even with an inferior mixture like 
1:3:6, so long as the workmanship was done properly, the steel retained 
its original lustre until the end of this long period of time, so that with 
concrete of 1:2:4 and due care exercised to ensure good workmanship, 
excellent results were obtained as above recorded. 

At the same time too implicit faith in the preservative properties 
of concrete ought to be guarded against. Generally speaking, the 
chemically neutral state and acidity are both conducive to rust develop- 
ment, while alkalinity has the very reverse tendency. Cement on 
dissolving in water liberates a large quantity of calcium hydroxide, 
making the concrete partake of a strongly alkaline character. It is 
this calcium hydroxide that is the fundamental rust preventative, but 
with prolonged exposure of the concrete to the atmosphere, the calcium 
hydroxide changes by the action of the carbon dioxide in the atmos- 
phere to calcium carbonate, the change working by stages into the 
interior of the concrete. Upon now breaking up any of these blocks 
and dropping on to the section some Phenolphthalein solution the 
central part assumes a deep red colour which, however, does not ex- 
tend right up to the margin of the fractured surface, a proof that the 
concrete is losing its alkalinity from the central part towards the 
margin. 
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Photos No. 6, 7, 8 and 9 show sections of concrete in the manner 
just mentioned. They are the concrete blocks of different compositions 
alluded to in paragraph D, experiments series I. For these sections 
the parts showing good workmanship in reinforcing were selected. 
The thickness of such parts as alter to carbonate will obviously depend 
on the original concentration of the cement paste so that considerable 
variation in the extent to which the change takes place must be ex- 
pected according to the composition of the concrete. In this experi- 
ment the mean thickness of the carbonated portion in accordance with 
the composition of the concrete mixture is shown in the table which 
follows. 


Table IV. Depths to which the concrete lost its 
alkalinity. Age of material 20 years. 


Composition of Thickness of part R k 
concrete neutralized cee 
pha | aa 0.65 em. Owing to loss of the detailed 
pa records covering the concrete, 
Lia 4 1.39 it is not possible to know the 
1:3: 6 3.33 exact water-cement ratio or 
other data. 
Leb 3.0 4.32 


The alkalinity of the concrete gradually disappears in the manner 
above shown. According to our observations, such parts of the rein- 
foreements that were invariably rusted showed that the concrete in 
contact with it had already lost its alkalinity, whereas the concrete 
matrix surrounding such parts of the steel as retained its original 
brightness, was still alkaline. On the whole, even in blocks where the 
central portion was still alkaline, at places where air had penetrated 
deeply through interstices in the matrix, neutralizing of the concrete 
had advanced so that that parts of the steel surface in contact with 
it were bound to be rusted. This was frequently noticed in our first 
series of experiments, which as we have explained before, was due to 
unsuitable concrete mixtures and to faulty reinforcing. 

F. On examining the effects in concretes where light aggregates 
were used, results were very unsatisfactory as in the case of the cinder 
concrete of experiment series I; the steel in most cases being com- 
pletely rusted. This is because the cinder was not thoroughly washed 
before use, consequently holding small ash particles, resulting in more 
or less porosity of the concrete. Acidic components in the cinders also 
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contributed their quota of deleterious effects. In the cinder-concrete 
that was used for the first series hardly any part of it showed alkaline 
reaction with phenolphthalein, whereas the cinder concrete used in 
the second series gave excellent results, due, apparently to previous 
washing of the cinders. In this concrete, while such parts of it as 
consisted mainly of aggregates were porous, the mortared parts were 
compact which accounts for the good results. 

The brick fragment concrete used in series II also gave excellent 
results. On testing the fractured surfaces of these with phenolphtha- 
lein the depth of the neutral portion was found to be very small as 
shown in photos No. 10 and 11. 


< . be = rs 
y d oy een ed Pa oe ee bees aed m, 5 
bid ‘ © ose c: . ott Ay Stee i ee .* er ae oe, get 
t , : ‘ : 
“ - as a ee | mae ee “Pw rh | 7 a a r 
7 ‘ m oof 15 'F 4 ie re tee te he Pe & 


Pl. 


Photo. 1. Size of steel material versus rust. 


CrYv. 


(1) Appearance of steel bar 1/’ dia. left exposed in the open for 20 years showing 
the old pine-bark like rust scales. 


(2) do. but 3/4/7 dia. Some of the rust scales detached. 
(8) do. but 3// dia. All the rust scales scraped away. 


Photo. 2. Changes in the steel materials coated with preserving 
agents and exposed to the atmosphere. 


(1) Steel bar 3// dia. without any preservative coating, exposed in the open for 20 
years. Rust scales scraped away. 

(2) do. but this bar was originally polished and coated with redlead. 

(8) do. do. do. do. coated with cement paste. (©) shows a bit of 
the cement film, the rest of it having been scraped away. At (x) the film 
ee adhering firmly to the steel, which on removal shows the bright steel 
surface. 

(4) This bar had been dipped in coal-tar. 

(5) This bar was already rusted slightly over which coatings of red lead were 
given. 


UAL ute ck 


| Ad ' A oid ea. 


124 Ra A Ma 


Photo. 3. The nature of the concrete versus rust. 


TSISOOS 


(1) Steel bar, 3” round, that had been embedded in concrete 1:3:6 block 6// x 6/” 
and left in the open for 20 years. 


(2) do. but conerete (1:2:4) 

(3) ¥b af (1:3:6) 

(4) as ” (1:5:10) 

(5) ss ss (1:2 lime:4:8) 
(6) > es (1:2:4 cinder) 


Photo. 4. Cracks in concrete caused by rusting of steel. 


cas ro 


Above. Appearance of concrete block (1:3:6), 2//2/5 x 2//2/5, in which a steel. 
par of 4// dia. was embedded and then left in the open for 20 years. White broken 
lines indicate position of the steel reinforcement. Note cracks in the concrete. 

Below. As above. Part of the top concrete removed. The steel bar was 


quite rusted. 


P 
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Photo. 5. Thickness of the concrete versus rust. 


entirely rusted 


(1) Mild steel bar, 3/7 round, which was embedded in concrete block (1:3:6) 24/’ 
square, and left exposed in the open for 20 years. 

(2) do. but size of block 6” x6’. 

(8) . re “a af 2//2/5 x 2//2/5 (entirely rusted). 

Dark portions are rusted while fair parts are bright. 
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Photo. 6. Disappearance of alkalinity in concrete of mixture 1:1:2. 


Concrete block (1:1:2), 6/7 x6/’, left in the open for 20 years. 
(1) Upper surface at time of tamping. 


(2) Side do. do. do. 
(3) Phenolphthalein applied to surface of section. Discoloured part shown off by 


white boundary lines. Aggregates are crossed where line is broken. 
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Photo. 7. Disappearance of alkalinity in concrete 1:2:4. 


Upper Surface 


Steel Bar 


¥ 


Concrete block (1:2:4), 6// x6/’, left in the open for 20 years. 

(1) Side surface at time of tamping. 

(2) Bottom do. do. 

(3) Phenolphthalein applied to surface of section. White lines to mark off the 
discoloured boundary. Aggregates are crossed where line is broken. Cross 
(x) shows aggregate and is not portion coloured by phenolphthalein, 
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Photo. 8. Disappearance of alkalinity in concrete 1:3:6. 


Concrete block (1:3:6), 6/’ x6/’, left in the open for 20 years. 

(1) Bottom surface at time of tamping. 

(2) Side do. do. 

(3) Phenolphthalein applied: to surface of section. White lines to mark off dis- 
coloured boundary. Aggregates are crossed where line is broken. 
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Photo. 9. Disappearance of alkalinity in concrete 1:5:10. 


Concrete block (1:5:10), 6//x6/’, left in the open for 20 years. 
(1) Side surface at time of tamping. 
(2) Bottom do. do. 
(3) Phenolphthalein applied to surface of section. White line to mark off dis- 
coloured boundary. Aggregates were crossed where line is broken. Arrow 
jndicates where crack occurred when section was being cut. 


Plea vitt, 


Photo. 10. Brick-fragment concrete. 


Effect of phenolphthalein solution on surface of freshly cut section of brick- 
fragment concrete block (1:2:4), 4//3/4 x 4//3/4 left in the open for 15 years. Note 
that the white line has penetrated deeply only along the brick-fragments found 
near the surface. 


Ei lxX., 


Photo. 11. Cinder-concrete. 


Effect of phenolphthalein solution dropped on to fresh surface of section of 
cinder-concrete block (1:2:4), 4//3/4 x 4//3/4, which was left in the open for 15 years. 
Note that the white line has penetrated deeply only along the cinder found near 
the surface. 
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Introduction. Certain animals are known to show symptoms of terror 
at the time of an earthquake. I have noticed on several occasions during 
night that the frogs .croaking musically became suddenly quiet just before or 
at the moment of an earthquake. Ifthe shock be strong, there is caused a 
general noisiness, and cocks crow and dogs bark. In the strong Omachi 
(Shinano) earthquake of Nov. 11, 1918, at 4. 03 pm, the abbot of the 
Buddistic temple Daitakji (A##) was at the time riding in the vicinity of the 
village of Sanga-mra (=H#), to the north of Omachi, and found his horse 
suddenly dropping flat on the ground ; no whipping of the rider, who did not 
at once realize the earthquake shock and was at a loss to guess at the cause 
of this strange behaviour, being able to set the animal again on foot till the 
shaking was over. 

In Japan there is a general belief that the pheasant (Phasianus versicolor) 
perceives the earthquake earlier than ourselves, such that it crows some time 
previous to the actual occurrence of the sensible movements. That the 
pheasant should be very sensitive and take alarm at the slightest disturbance, 
either natural or artificial, is probably a condition necessary for its existence, 
as the bird with a long pointed tail and comparatively small wings, has not 
high flying capacity, and nestles on the ground among the thick underwood. 
My preliminary remarks on the seismic sensibility of the pheasant was given 
in No, 68, A of the Japanese Reports of the Imp. Earthq. Inv. Comm. 
(1910)*. Since then, during my residence of three years, 1913 to 1916, at 
Sekiguchi-daimachi, in the Koishikawa ward, at the north-western end of the 
city, I had the fortunate opportunity of noting the crowing of the pheasant 


* The late Professor S, Sekiya kept for some months a pheasant in the Seismological 
Institute, then at Hitotsubashi, and tried to observe the behaviour of the bird at the time of 
the earthquakes, No definite conclusion was then reached at. Dr, Y. Tsukiji’s note on the 
times at which the pheasants crow generally is given in the Toyo Gakugei Zasshi, Vol. 27, 
(1911). 
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during night which inhabited the neighbouring spacious garden of the former 
mansion of Count Tanaka. As I sat writing or studying quietly, often till 2 
AmM., I could perceive very slight earthquake shock, whose time of occurrence 
was accurately noted by a pocket chronometer-watch placed in front on the 
desc, and compared with the time at which the pheasant crowed. It was 
found that the pheasant, which generally well crowed at the times of the 
earthquakes, gave very rarely signs of alarm at the passage in the neighbour- 
hood of the motor-cars and goods-wagons, although these often caused shak- 
ings of the ground and the houses to a fairly distinct amount. 

As is well known, every earthquake begins with the preliminary tremor 
composed of small movements, whose duration, proportional to the distance 
from the seismic origin, varies, for cases of the sensible shocks, from practically 
zero to about 1 minute. From the following account of my experiences it is 
obvious that the pheasant is often very sensitive to the earthquake motion 
and takes alarm at the mechanical perception of the preliminary tremor. The 
distance between the pheasant and the observer (author) in the different cases 
probably varied between a few metres and about 100 metres. 


OBSERVATIONS. 


(1), Dec. 31, 1913; 0. 56. 15 AM. The house creaked in a scarcely 
audible degree, thereupon the pheasant crowed twice. Five seconds later 
slight but distinct shaking was felt for one second. 

(2). Feb. 12, 1914; 3. 58.57 AM. The preliminary tremor lasted 7 or 
8 sec. The pheasant crowed. 

(3), Feb. 25, 1914; 10. 21. 01 PM. The pheasant crowed thrice 
successively, thereupon slight shaking was felt for 25 seconds. 

(4). March 5, 1914; 9. 39. 89 PM. Suddenly there was personel a 
loud sound like that caused by the falling of a heavy weight on the ground, 
accompanied by vertical tremors. 17 seconds later on the shaking became 
stronger, and the pheasant crowed first only after the lapse of further 4 
seconds. The sensible motion lasted till 9. 40. 25 P.M. 

(5). Aug. 38, 1914; 8. 59. 58 PM. There was first perceived a slight 
sound (ton) like that of a foot tread, which I believed to be the announcement 
of an earthquake. 5 seconds later on sharp vertical movements were felt for 
a short time interval, when the pheasant crowed two or three times. 

(6). Nov. 24, 1914; 8. 56.58 P.M. There were first the crowings of the 
pheasant for a short time interval, and then slight tremors were perceived. 

(7), May, 19, 1915; 5. 40. 25 AM. The motion was moderately strong 
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and the house was shaken with cracking noise, the duration of the sensible 
earthquake being 385 sec. The pheasant first crowed 16 sec. after the 
commencement. 

(8). May 25, 1915; 9. 41.12 PM. The pheasant crowed twice, and 1 
sec. later slow slight movement was felt. 

(9). July 2, 1915; 10. 37. 31 PM. The motion was composed of 
moderately pronounced horizontal shaking, whose preliminary tremor lasted 
about 10 sec., and whose total duration was 1™ 208. The pheasant crowed at 
the commencement of the earthquake. 

(10). May 29, 1916; 11. 41. 43 P.M. There were felt first very slight 
tremors, and 1 sec. later the pheasant crowed. The total duration of the 
sensible motion was 55 sec. 

(a1, June 10, 1916; 10. 03.15 P.M. There were felt very slight move- 
ments, at the same time the pheasant crowing twice. The sensible motion 
lasted 10 sec. 

(72), Aug. 11, 1916; 1. Ol. 56 AM. The pheasant crowed first, and 5 
seconds later very slight horizontal motion was felt, lasting 34 sec. 

a3), Aug. 21, 1916; 10. 09. 10 PM. The pheasant crowed, but no 
motion was felt, the tromometers indicating also no earthquake. At 11. 21. 
08 P.M., on the same day, the pheasant again crowed and this time slight 
horizontal motion was felt 6 seconds later on. 

(4), Aug. 21, 1916; 11.34.17 Pm. There was felt first slight vertical 
tremors, the pheasant crowing at the same time. According to the tromo- 
meter registers, the preliminary tremor lasted 12 sec., and the total duration 
‘was 1™ 158. 

(15). Aug. 24, 1916; 10. 12. 42 PM. The pheasant crowed, and very 
slight shaking was felt for 15 sec. 

(a6). Aug. 26, 1916; 10. 47. 00 P.M. The pheasant crowed, but no 
shaking was sensible. There was, however, a small earthquake on the 
tromometer registers, whose maximum motion was about 0.028 mm. and of 
period =0.32 sec. (See fig. 2, Pl. I.) 

(17), Aug. 28, 1916; 0. 42. 55 4M. There was first perceived a faint 
sound, the shojz (paper-covered sliding doors) making very slight rattling. 
As there was at the time no wind, this was understood to be the commence- 
ment of a small earthquake, but it was 3 seconds later on that the pheasant 
crowed, the motion becoming sensible at the same time and lasting for 35 sec. 

(1g), Aug. 28, 1916; 7. 45.20 4M. The pheasant crowed first, and the 
motion was felt 5 seconds later on. After a further interval of 15 sec., the 
Shaking became stronger. The total earthquake duration was 1™ 208. 
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(19), . Sept. 1, 1916; 10. 28. 08 P.m. The pheasant crowed, but no 
motion was sensible. The tromometers, however, registered at the time in 
question an exceedingly small earthquake. 

(20), Sept. 1, 1916; 11. 21. 88 Pm. The pheasant crowed first, and 
8 sec. later on the earthquake motion became sensible, lasting 82 sec. At 11. 
23.11 P.M. the pheasant crowed again, but no motion was sensible. 

(21), Oct. 2, 1916; 1. 12. 284m. There was felt the shaking of the 
house, which was so exceedingly weak that I was not able to ascribe it 
positively to the effect of an earthquake. The pheasant did not crow, but the 
tromometers registered a very slight tremor at the time in question. 

(22), Oct. 25,1916; 9. 24.27 PM. The pheasant crowed loudly several 
times, but there was no sensible earthquake motion*. According to the 
tromometer registers there was a distant earthquake whose preliminary 
tremor lasted 32 sec. The time instant when the pheasant crowed was 
44 sec. after the commencement of the earthquake, or 12 sec. after the 
commencement of the principal portion. 

(23), Nov. 7, 1916; 6. 33. 04 PM. The pheasant crowed several times 
with some intervening time intervals. There was no sensible motion. ‘The 
tromometers, however, registered simultaneously a very small earthquake, 
whose maximum motion was only about 0.011 mm. and of period=0.24 sec. 
(See ie ARETE) 

SUMMARY. The comparison of the time of earthquake occurrence 
and the instant of the pheasant crowing in the 23 cases above described is as 
follows :— 

(i). 5 cases (Nos. 1;2;9;11;14).. The perception of the earthquake 
motion was nearly simultaneous with the crowing of the pheasant. 

(ii). 7 cases (Nos. 3;6;8;12;138;18;20). The pheasant crowed. 
previous to the occurrence of the sensible earthquake motion. 

(iii). 4 cases (Nos. 16; 19; 22; 23). The pheasant crowed, but the 
earthquake motion was too small to be sensible. 

(iv). 5 cases (Nos. 4;5;7;10;17). The pheasant crowed later than 
the arrival of the sensible earthquake motion. 

(v). 1 case (No. 21). The earthquake was sensible, but the pheasant 
did not crow. 

Thus, (i), in 20% out of the total number of cases the pheasant crowed 
almost simultaneously with the sensible earthquake motion. (ii), in 384% 


* My assistant, Mr. H. Krosaka felt the earthquake slightly in an upstair room of a 
house in the soft made-ground portion of the Sendagi-cho, in the Hongo Ward. 
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the pheasant crowed earlier than the occurrence of the sensible motion, the 
time difference varying up to 8.0 sec., with the mean value of 3.6 sec. (iii), 
in 20% the pheasant crowed even in cases in which the earthquake motion 
was too small to be sensible to us. Altogether in approximately 50%, (11) 
and (ili) combined, the pheasant has felt the earthquake motion better than I 
could while sitting quietly in the depth of night. 

(iv), in 20% of cases, the pheasant crowed later than the occurrence of 
the sensible motion, the time difference varying up to 21 sec., with the mean 
of 9.2 sec. 

The keen perception by the pheasant of the earthquake occurrence is no 
doubt due to their acute sense, by which it is enabled mechanically to feel 
the small vibrations in the preliminary tremor stage of the seismic motion. 
In some cases as in (iv), however, the pheasant crowed several seconds after I 
had felt the motion ; in a special instance, No. 22, the pheasant having crowed 
44 sec. after the actual commencement of the earthquake recorded by the 
tromometers. 

The monthly distribution of the different earthquakes at which the 
pheasant crowed is as follows :— 


Month, Eqke. Frequency. Mouth. Eqke. Frequency. 
EM 25 os ance O OD ee oboe ee. mre a rors 
Il a VII Baha eee ee ae esl ot 
Lil sat 1D, Oe pe yee at 
IV eM xX vod seca phy Oe eee TL 
V SB: DO Cpe rege rr ae est Wee ave oe 
VI ee Tae 1 


This distribution, though having no claim to any degree of generality, may 
be taken as indicative of the fact that the crowing of the pheasant observed 
was really the effect of the alarm at the seismic disturbance, not influenced 
by circumstances of breeding of the bird which usually takes place in March. 
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E.W. Component Tromometer Diagrams at Hongo of the Unfelt Earthquakes 
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Fig. 1. Nov. 7, 1916 ; 6.33 p.m. Magnification =537. 


RON 


why ay 4 ' nad a roy: : 
‘ VN Pathol deny NIN, 


Fig. 2. Aug. 26, 1916: 10.47 p.m. Magnification =487. 


On the Successive Occurrences of Destructive 
Earthquakes.* 


By 
F. OMORI. 


With Plates II and III. 

1. Introduction, ‘This note gives an account of the successive oc- 
currences of large and small destructive earthquakes in Japan. The repeti- 
tion‘may take place within a small area or at wide distances along a great 
seismic zone, according to the magnitude of the destructive disturbances. 

2. Earthquake zones and districts. The group of the Japanese islands 
of Hokkaido, Main Island, Shikoku, and Kyushu, forms a well defined insular 
arc, whose outer, or convex, side borders on the deep Pacific kasin, and whose 
inner, or concave, side is continued to the shallow Japan Sea. This Japan 
Arc is continued to the equally remarkable Kurile and Lyukyu arcs on the 
north and on the south-west respectively. It is natural that an accumulation 
of stress along these great arcs should result in the production of an active 
seismic epoch throughout the whole system and cause the successive oc- 
currences of destructive shocks from different parts of the country. A most 
remarkable instance of this sort is furnished by the group of the 12 Ansei 
period earthquakes, including, amongst the others, the Odawara earthquake of 
1853; Iga, Ise, and Nara earthquake on July 9, 1854; the Tokaido, the 
Nankaido, and the West Inland Sea earthquakes respectively on the 23rd, the 
24th, and the 26th, in December of the same year ; and the Yedo earthquake 
on Nov. 11, 1855. In recent times, the semi-destructive Kmamoto (Kyushu) 
earthquake of 1889 was quickly followed by the great Mino-Owari earth- 
quake of 1891; the Noto earthquake of 1892 ; the Kagoshima earthquake on 
Sept. 7, 1893 ; the Nemro and Kshiro (Hokkaido), the Tokyo, and the Sakata. 
earthquakes respectively on March 22, June 20, and Oct. 22, in 1894; and 
the earthquake and tswnamz (tidal waves) of Sanrik (three provinces of 


* Translation, with additions, of my note published in the Japanese [eport of the Imp. 
Earthq. Inv. Comm., No. 83, C, (1920), 
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Rikzen, Rikchu, and Mutsu), and the Rik-U (Uzen and Rikchu) earthquakes 
respectively on June 15 and Aug. 31, in 1896. 

The great Mino-Owari (Central Japan) earthquake of 1891 was due to 
the formation of an extensive dislocation transverse to the Main Island, and 
the Tokaido and Nankaido earthquakes of 1854 were probably due to the 
longitudinal dislocations formed off the Pacific coast of Japan. In other 
words, these earthquakes were great non-local seismic disturbances having 
tectonic relations with the whole Japan Arc. On the other hand, the Asama 
and the Hakone earthquakes of volcanic nature, the earthquakes with jinare 
(earth sound) of the Arima district (near Kobe), and the shocks so often 
happening from the Awa-Kazusa peninsula and the neighbourhood of Mount 
Tsukba are small local disturbances originating in limited seismic districts. 
The successive occurrences of great non-local earthquakes may take’ place 
from different parts of an extensive seismic region, as the Japan arc, while 
those of small local earthquakes may take place from different points within a 
given local seismic district. I enumerate below the cases of the successive 
occurrences of strong earthquakes within one and the same district and those 
from widely distant places. , 

3. Small destructive shocks originating within a seismic district. 
Cases of successive occurrences of destructive earthquakes from within a 
given seismic district are not rare. According to my new Catalogue of the 
Destructive Earthquakes in Japan,” there were, with the recent Shimabara 
(Hizen) earthquakes, altogether 12 instances of this nature, as mentioned 
below. 

(i). Nikko earthquakes, Group of the Nikko seismic disturbances in 
1683 began on June 11 with an earthquake at 6 A.M. followed by a strong 
one at 7 AM. there being 29 shocks on the next day between 5 A.M. and 
7 P.M. and 8 during the night. On the 13th, some shocks. On the 20th, 
shocks at 8 AM. andat noon. On the 17th, a shock at 5 4.M. was followed 
at 8 A.M. by a destructive earthquake which overthrew the sacred stone 
tombs of Iyeyasu and of Iyemitsu in the inner courts of the Toshogu and 
Daiyu-in temples, and also the 9-story tomb-stone of the high priest Tenkai ; 
there being 89 after-shocks during the rest of the day. On the 18th, there 
were 7 shocks in the morning between 6 and 8 o’clocks, followed at 1] A.M. 
by a second destructive earthquake, which was stronger than that on the 
preceding day, and threw down the ishigaki, or dry-masonry retaining walls 


* Shinsai Yobo Chosakwai Hokoku (Japanese Reports of the Imp. Earthq. Inv. Comm.), 
No. 88, C, (1919). 
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at the different places, the total number of the shocks during the day amount- 
ing to 196. On Oct. 20th of the same year, there took place a third destruc- 
tive earthquake, which threw down anew the ishigaki then in the course of 
repair. 

(ii). Ogi (Sado) earthquakes, Dec. 9, 1802, ‘he Ist strong shock, which 
occurred at 8 A.M., caused landslips and some damage to the buildings at the 
town of Ogi (h#) situated on the 8.W. coast of the island of Sado, the sea- 
water having temporarily been withdrawn from the beach to the distance of 
about 900 feet. At about 1 P.M. there took place a much stronger earth- 
quake which was very destructive in Ogi, where fires immediately broke out 
from several quarters. The sea-water again receded to a distance of about 
1500 feet. As the result of the shock, there was produced a sudden permanent 
elevation of the land to the maximum amount of about 8 feet, for the length 
of about 25 miles along the south and south-west coasts of the island. 

(iii). Iwashiro earthquakes. On Dec. 18, 1821, the Oishi-gumi village 
district, in the valley of the Tadami-gawa C354JII), Onuma county, province 
of Iwashiro, was shaken by a strong earthquake which caused the destruction 
of 130 houses. On Jan. 26, 1822, the same district was shaken by a second 
earthquake which was stronger than that in the preceding year. 

(iv). Noto earthquakes. ‘Iwo strong earthquakes took place off the 
s.w. coast of the peninsula of Noto in Dec. 1892, respectively on the 9th, at 
10.42 A.M. and on the 11th, at 1.30 4M. The shock on the 9th produced 
cracks of ground and some damage to the buildings at the town of Takahama 
and the village of Hiuchidani, in the district of Hagui. In the shock on the 
11th, two houses were destroyed, 1 person killed and 5 wounded at the village 
of Horimatsu in the same county. The origin of the 2nd earthquake was 
shifted about 8 km. to the south of that of the Ist. 

(v). Takai earthquakes. The earthquake on Jan. 17th, 1897, at 5.36 
AM., shook strongly the district about the Chikma-gawa, 16 km. in the E.W. and 
also 16 km. in the NS. direction, including the whole of the Kami-Takai 
county and the E. part of the Kami-Minuchi county. There were some 
damage to houses, crumbling of ishigaki, ground cracks, and sand ejection, 
at the villages of Watauchi, Kawada, Inonye, Hino, Toyosu, and Kobuse in 
the Kami-Takai county, and at Frusato, Naganuma, Yanagihara, Asahi, 
Daizu-shima, and Frumaki in the Kamu-Minuchi county. On April 80th, at 
4.02 P.M. there was a second strong earthquake which caused a similar amount 
of damage within an area, 20 x 8 km. in dimension, along and on the eastern 
bank of the Chikma-gawa, including nearly the whole of the Kami-Takai 
county and the g,w, portion of the Shimo-Takai county. It may be remarked 
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that the origin of the second strong earthquake was situated under the 
Okuma-yama 10 km. to the N.N.E. of that of the first earthquake situated 
among the mountains about 4 km, to the 8H. of the town of Suzaka. 

(vi). Itoshima earthquakes. The earthquake on Aug. 10, 1898, at 9.57 
P.M. shook strongly the village of Maebara and the vicinity in the Itoshima 
district, province of Chikzen, Kyushu. On the 12th, at 8.36 A.M., there took 
place another strong earthquake, which was severer than the first, resulting 
in 8 persons wounded and 73 dwelling houses damaged. At the Hatae-mra 
the ground was cracked at several places on the occasion of the second earth- 
quake. 

(vii). Hachinohe earthquakes. Two strong earthquakes in Aug. 1901, 
respectively on the 9th, at 6.23 P.M. and on the 10th, at 3.84 A.M. were most 
severely felt in the Sannohe district, province of Mutsu, two houses having 
collapsed at the town of Hachinohe and also two at Negishi-mra. 

The total seismic damage in the Aomori prefecture (Mutsu) was 18 
persons killed or wounded, and 8 houses collapsed. There were also seismic 
damage in the Ninohe and Knohe districts (=F #LF a) of the Iwate pre- 
fecture, and at the Kosaka Mining Plant in the Akita prefecture. 

The earthquake on Jan. 30, 1908, at 11.01 P.M., produced some damage 
to houses in the villages of Toyosaki, Gonohe and Konakano in the Sannohe 
district (2 F#8) and at the village of Shichinohe (A) in the Kami-Kita 
district. 

(viii). Earthquakes of Shinji (ki), province of Izumo. The strong 
earthquake of June 6, 1904, at 3. 40 A.M., was followed by a second and 
severer one on the same day, at 11. 51 4.M. Some damage was caused to 
houses and embankments at the villages of Otsuka CR), Mori C##), and 
Uganosho (4°4%7£) in the district of Noki (HEARED). 

(ix), Earthquakes of Oshima (Izu), 1905, Small shocks began from 
about May 28, and the 1st strong earthquake took place on June 5, at 1. 45 
AM. followed by the 2nd on the 7th, at 2.89 P.M. the latter was chiefly 
responsible for the seismic damage produced in the island, there being, 
amongst the others, injuries to houses and eshigaki (stone retaining walls) at 
the villages of Motomra and Nomashi. 

(x). Kagoshima earthquakes, 1913. The strong earthquake of June 
29, at 5. 23°P.M., caused the falling down of cliff and the overthrow of sheds in 
the village of Nishi-Ichiki, Hioki district (Hime rab ARAB). Another strong 
shoclt, on the next day, at 4. 50 P.M., caused some damage to buildings in the 
city of Kagoshima, and at the villages of Nishi-Ichiki and Nagatani Gk ##) in 
the Hioki district. 
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(xi). Omachi (Shinano) earthquakes, 1918. On Nov. 11], there were two 
destructive earthquakes, at 2. 58 A.M. aud 4. 03 P.M. respectively. The Ist 
proved destructive at the town of Omachi, and the neighbouring village 
districts of Matsuzaki G6), Jokoji (#6), Nirikbo COA), Reishoji GBES#). 
The 2nd shock was distinctly greater and was felt most strongly in the 
different districts of the village of Tokiwa, there being 6 persons wounded, 6 
houses totally destroyed, and 2,852 houses partially damaged. 

(xii). Shimabara (Nagasaki) earthquakes, 1922. On Dec. 8, 1922, there 
occurred in the Shimabara peninsula, Nagasaki prefecture, two severe earth- 
quakes at 1" 50™ AM. and 11" 02™ A.M. respectively ; the lst shock being 
nearly twice as great as the 2nd. The origin of the lst shock was situated 
at the south base of the Unzen-dake volcano, at the distance of about 42 km. 
to the east slightly south of Nagasaki. The origin of the 2nd strong shock 
was shifted to the south-west base of the same voleano. The total amount of 
the casuality was 25 killed and 22 wounded. 

4. Remarks on the successive occurrences of small destructive shocks. 
The cases of the successive seismic occurrences enumerated in § 8 relate all 
to the category of small destructive earthquakes. Even these did not 
originate from one and the same point, the centre of the 2nd shock being in 
each instance 1 to some 2 ri (4 to 10 km.) displaced from that of the Ist 
shock. Some of the earthquakes in which the origin transfer was evident 
were as follows :— 

Noto earthquakes in Dec. 1892. The origin of the strong shock on the 
9th was situated 4 km. off the coast of Togi and Takahama, province of Noto. 
The origin of the shock on the 11th was under the sea 8 km. further south. 

Takai (Shinano) earthquakes of 1897. The strong earthquake on Jan. 
17th had its centre among the mountains about 4 km. to the east of the town 
of Suzaka. The shock on April 30th originated under Mount Okuma about 
10 km. further to the y.v.E, 

Omachi (Shinano) earthquakes on Nov. 11, 1918. The strong earth- 
quake at 3 A.M. originated at the vicinity of Jokoji and Wirikbo of the 
Yashiro village, about 8 km. to the gn. of the town of Omachi. The 2nd 
and stronger shock at 4 P.M. had its origin along a zone extending 4 km. to 
the 8.W. from the Ist centre. 

The successive occurrences of the small destructive shocks are generally 
limited to two times, the 2nd being generally a little stronger than the 1st. 

The time interval between the occurrences of the two shocks was 44 
days in the case of the Aizu earthquakes of 1821-22, and 103 days in the case 
of the Takai (Shinano) earthquakes of 1897. In the 9 remaining cases, the 
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interval in question was far shorter, and varied between 18 auf 61 hours, 
with the mean of 25 hours, as follows :— 


Time Interval. 


Nikko Eqkes. on June 17 and 18, 1683. vs see L day Q hour. 
Noto A Dec. 9 and 11, 1892. A oe AF 15 
Itoshima i Aug. 10 and 12, 1898. ae federal: lL 
Hachinohe. .;, Aug. 9 and 10, 1901. of eae 9 
Shinji June jb; 1 904. lichen e ee emabent 8 
Oshima as June 5 and 7, 1905. ce WE i3 
Kagoshima, _,, June 29 and 30, 1913. are 23 . 
Omachi na INOV) Ls OLE a ee eee ae 13 
Shimabara _,, Dee. | 82h 978 Peace Bids hr oteree 9 
Mean 25 hour 


5. Earthquake distribution. As will be seen from fig. 2, all the twelve 
twin earthquakes enumerated in § 3 belong to the inner, or concave, volcanic 
side of the Japan Arc, with one exception belonging to the Fuji volcanic 
chain. There were of course also local destructive shocks originating in the 
volcanic portions of Japan, which happened singly. (See § 8.) These were, 
however, comparatively few in number ; while there were several instances of 
the same geographical connection, in which local destructive shocks were 
repeated within a given seismic area at long time intervals. (See $6.) On 
the other hand, the recent small destructive shocks originating in the non- 
voleanic portions (§ 7) were non-repetitive. It may be that the repetitive 
tendency of local destructive shocks forms a special feature of the volcanic 
portions of Japan. 

6. Occurrences at long intervals of local destructive shocks from a 
given seismic district. In a number of cases the seismic disturbances of 
more or less destructive intensity took place at long intervals within a seismic 
district. The following are the cases of this category which occurred in 
Japan since the Kmamoto earthquake of 1889, divided into 6 groups, all 
belonging to the concave Japan Sea side of the Japan Arc :— 

(1). Takai (Shinano) earthquakes of 1897. 

(2). Muikamachi (Echigo) earthquakes of 1898 and 1904. 

(3). Earthquakes in the eastern part of Shinano in 1908 and 1912, 

connected with the activity of the Asama-yama volcano. 

(4). Teshio and Usu earthquakes, in 1910, connected with the activity 

of the Usu-san volcano. 
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(5). Satsuma earthquakes, in 1913, 1914, and 1915, connected with the 
volcanic activity of Sakura-jima. 

(6). Akita earthquakes, in 1914. 

(1). Lakai (Shinano) earthquakes of 1897. (A). The earthquake in the 
Kami-takai district, province of Shinano, on Jan. 17th, at 5. 386. A.M. was felt 
strongly within an area about 16 km. in extension, along the Shinano-gawa, 
and caused some damage to buildings and ishigaki, overturning of stone 
lanterns and tomb-stones, cracks of ground, emission of sand and mud, etc. 
(B). The similarly severe earthquake on April 30th, at 4. 02 P.M., was felt 
strongly within an area 20x8 km. on the eastern side of the same river. 
The origin of the first shock was in the mountains about 4 km. to the east of 
the town of Suzaka, while that of the 2nd was situated 10 km. apart to the 
Nye C$ .3:) 

(2). Muikamachi (Echigo) earthquakes. (A). The earthquake on May 
26, 1898, at 3. 00 A.M. was strongly felt at the town of Muikamachi, in the 
Minami-Uonuma district, where dozo walls were cracked and shaken down, 
and cultivated field were cracked. At Mizkami-mra VkE#), in the Tone 
district, province of Kotsuke, similar seismic damage was caused, several 
landslips having been produced among the mountains. The origin was 
situated in the vicinity of Muikamachi, at ¢=36°52’N., A4=138°55/E., namely 
147 km. to the N.30°W. of Tokyo. (B). The 2nd earthquake, on May 8, 
1904, at 4.23 A.M., which was strongly felt at Isozawa-mra C2 T#H) in the 
Minami-Uonuma district, caused damage to the amount similar to that in 
1898. The seismic origin was also in the vicinity of the town of Muikamachi, 
but displaced about 8 km. to the gx, of that of the Ist shock, namely, to a 
point ¢=36°53/N., 2=138°48’E., at 154 km. to the N.33°W. of Tokyo. 

(3). Earthquakes of Asama and vicinity. (A). The Asama earthquake 
on May 26, 1908, at 9. 10 A.M., shook Asama and the Kita-Saku district at 
the south of the voleano. Cracks were produced at the rim of the crater, and 
rocks fell down from the old crater walls of Kiba-yama, Krofu-yama, and 
Maikake-yama. (B). The Asama earthquake on July 16, 1912., at 7. 46 A.M. 
was almost equal to the preceding in magnitude, intensity, and the production 
of damage. Cracks 3” or 4” wide were formed along the crater rim. Land- 
slips took place at the base of the Kika-yama opposite Yuno-taira, and from the 
inside of the Krofu-yama at a point called Tomi-no-kuchi, 0.5 km. to the 
W.W.N. of the latter. Trees were broken and the mountain path was 
obstructed by the large rock blocks precipitated at several places in the neigh- 
bourhood of the Hoinbo fall and the Nagasaka slope, while rock masses were 
broken from the old Oni-oshidashi lava flow on the northern base of Asama, 
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with sound audible at the Wakasare cottage. At the Yuno-taira Seismo- 
logical Observatory, the tromometer registered 48 sensible and 162 unfelt 
earthquakes in the course of the next 12 hours. (C). The Ueda earthquake 
on Aug. 17, 1912, at 11. 21 P.M. was felt strongly at and about the city of 
Ueda, where the ground was cracked to the width of 0.1 to 0.2 foot, porce- 
lains were broken, and some ishigaki were damaged. ‘The centre was 
situated about 6 km. to the N.N.W. of Ueda, or 26 km. to the west of Asama, 
at ¢=36°27/N., 4=188°15’E. (D). The Ozasa earthquake on Feb. 22, 1916, 
at 6. 11 P.M. was strongly felt at the village of Ozasa and other places at the 
north base of Asama, producing some landslips and resulting in 7 dwelling 
houses overthrown, and 273 houses and other buildings partially damaged. 
The seismic origin was situated about 8 km. to the N.W. of the volcano, at 
¢=36°28./5N., 2=138°28./8E. 

(4). Teshio and Usu earthquakes, 1910. (A). The Rumoe earthquake 
on June 16, 1910, at 9. 00 P.M., was very limited in area and felt strongly at 
the town of Rumoe, in the province of Teshio (Hokkaido), where, amongst 
the others, the Owada coal pit was damaged in consequence of the bursting of 
a new water fountain. (B). The Usu earthquake on July 25, 1910, at 3. 49 
P.M, produced damage at the town of Apta situated at the west base of the 
Usu-san volcano, causing there partial destruction of 8 dwelling houses and of 
two brick, one stone, and four wooden ware-houses. The roads between 
Apta and Benbe, and between Apta and Tokotan were damaged for the 
ageregate length of 10 km. (C). Onishika earthquake on Sept. 8, 1910, at 
1]. 50 A.M. was felt strongly along the coast of the province of Teshio, for the 
length of some 100 km., producing some damage to buildings at the villages 
of Onishika and Tomasaki. The number of the after-shocks felt on the 8th 
and 9th was 42 at Rumoe and 89 at Onishika. The origin was situated 
under the sea about 20 km. off the coast. 

(5). Satsuma (Kyushu) earthquakes. (A). Kagoshima earthquakes on 
June 29 and 30, 1918, at 5. 23 P.M. was felt strongly at Nishi-Ichiki in the 
Hioki district, causing some falling down of cliffs. (B). Kagoshima earth- 
quake on the next day, at 4. 50 P.M. caused some damage in the city of 
Kagoshima, and at Nagatani (k#@A) and Nishi-Ichiki (4iiae#), in the Hioki 
District. (C). The Sakura-jima earthquake on Jan. 12, 1914, at 6. 28 P.M. 
was much greater than the preceding two and proved most disastrous at the 
portions of Kagoshima near the sea, overthrowing 39 and partially damaging 
1107 houses, and resulting in the casuality of 13 killed and 96 wounded, 
beside about 80 killed in the Kagoshima district exclusive of the city. The 
railway traffic was temporarily obstructed by the falling of huge rock blocks 
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at seven places along the main Kyushu line, in the portion between the 
stations of Kagoshima and Shigetomi. The branch line between Kagoshima 
and Sendai was also slightly damaged between the stations of Take and 
Manju-ishi. The earthquake was followed about 1$ hours-later on by a 
small tswnamé (tidal wave) along the coast of Kagoshima. (D). Earthquake 
on July 14, 1915, at 9. 13 P.M. was strongly felt at Krino and Yoshimats, in 
the north-eastern part of the province of Satsuma, causing some damage to 
the roads and itshigak?. ‘The seismic origin was situated, according to Dr. A. 
Imamura, at about 4 km. to the S.E. of Yoshimats. 

(6). Akita earthquakes of 1914. (A). Senpok earthquake on March 15 
was most violent at the villages of Kowakbi G&#), Omagari (All), etc. in the 
Senpok district, damage having been caused also in the city of Akita and the 
districts of Kawabe, M.-Akita, Yuri, Hiraga, and Okats. The total amount of 
casuality was 94 killed and 324 wounded, while 640 houses were totally over- 
thrown and 575 partially damaged. (B). Hiraga earthquake on March 28, at 
2. 49 A.M. was strongly felt at Numatate C81) in the Hiraga district, where 
a few dwelling houses were overthrown. This town, situated 20 km. to the 
south of Omagari, had suffered only slightly in the previous shock. 

7. Destructive earthquakes in the non-voleanic portions of Japan. 
Local destructive earthquakes which happened since 1889 in the non-volcanic 
portions of Japan are as follows :-— 

(1). Tokyo earthquake of June 20, 1894. 

(2). Gei-yo, or Inland Sea, earthquake of June 2, 1905. 

(3). Nagahama, or Torahime (Omi and Mino), earthquake of Aug. 14, 

1900: 

(4). Umia (4828) District (Lyo) earthquake of Aug. 2, 1916. 

(5). Kobe earthquake of Nov. 26, 1916. 

(6). Shizuoka Prefecture earthquake of May 18, 1917. 

(7). Miyoshi (Hiroshima Prefecture) earthquake of Nov. 1, 1919. 

(8). Kwanto earthquake of Dec. 8, 1921. 

(9). Uraga Strait earthquake of April 26, 1922. 

All these local destructive shocks happened singly, i.e., without successive 
repetitions from one and the same seismic district. 

8. Single destructive earthquakes in the volcanic portions of Japan. 
The seven earthquakes described next are the cases of local destructive shocks, 
which happened since 1889, in the concave, or Japan Sea, side of the Japan 
Arc, or along the Fuji volcanic chain, all being, with the single exception of 
the Sabae (Hchizen) earthquake, obviously connected with the volcanoes 
nearby. 
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(1). Kmamoto earthquake of July 28, 1889, at 11. 40P.M. The shock 
was felt strongly in the city of Kmamoto and the district of Akita, the total 
amount of casuality being 20 persons killed and 74 wounded. The numbers 
of the houses totally and partially destroyed were each 200. 

(2). Miyake-jima earthquake of April 16, 1890, at 9. 30P.mM. In 
Miyake-jima there were several landslips along the northern and western 
coasts of the island, crushing one house. In Nii-jima several tomb-stones were 
overturned, and some of the dozo overthrown. 

(3). Chiran (Kagoshima) earthquake of Sept. 7, 1898, at 2. 25 A.M. 
This was a quite local shock, which was destructive at and about the village 
of Chiran, in the southern part of the Satsuma peninsula, overthrowing three 
houses, besides a remarkable landslip of a mountain slope about 0.8 cho in area 
at a place called Nagasato (& 2). 

(4.) Sabae (Echizen) earthquake of March 22, 1900, at 0.55 4.M. The 
shock was slightly destructive at the town of Sabae (#22) and the village of 
Yoshida G41) respectively in the Imadate and Nyu districts in the province 
of Echizen. There was one case of mountain slope landslip and the casuality 
consisted of 6 persons wounded, the numers of the totally and partially 
destroyed buildings being 3 and 10 respectively. 

(5). Mikra and Miyake islands earthquake of Nov. 5, 1900, at 4. 42 P.M. 
At Miyake-jima, houses were damaged, ishigaki crumbled, rocks thrown down, 
and the roads were at places broken. At Mikra-jima, 120 landslips took place 
along the coast, burying the roads, and crushing three ware-houses. At Kozu- 
shima, 2 houses were destroyed and 3 partially destroyed, there being several 
cases of damage done to cliffs and tunnels. 

(6). Yake-dake earthquake of Aug. 10, 1903, at 1.40 PM. The shock 
was felt within a narrow area in the Yoshiki district, province of Hida, not 
far from the Yake-dake volcano in the Japanese Alps. There were several 
cases of landslips. Some houses were damaged. ) 

(7). Aso earthquake of Aug. 22,1911, at 7.48 4M. The shock was felt 
in the Aso district, about the Aso-san volcano. At Choyo-mra (2B#), there 
were damaged ishigaki and mountain landslips. 

9. Successive occurrences of great earthquakes. I tabulate below the 
cases of the successive occurrences of great destructive earthquakes in Japan. 

Shinano-gawa Valley. 
[Bunsei, Tempo, and Koka Periods. | 
Sanjo (Echigo) Earthquake of Dec. 18, 1828. 
(2), Sado and Shonai Harthquake and T’swnami of Dec. 7, 1833. 
ees (Nagano) Earthquake of May 8, 1847. 
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Central and S.W. Parts of Japan. 
[Ansei Period. ] 
Iga, Ise, and Nara Earthquake of July 9, 1854, early morning. 
Tokaido Eqke. and Tsunami of Dec. 23, 1854, at 9 A.M. 


(11), Nankaido p “ os 24, © 0 * Oe 5 Pa 
West Inland Sea Eqke. ~ ZO ees AL at 
Yedo (Tokyo) a Nov. 11, 1855, ,, 10 p.w.* 


[Genrok and Hoei Periods. ] 


Yedo (Tokyo) and Odawara Eqke. and Tsunami of Dec. 31, 1708. 
(ili)) Yedo( ,, ) Earthquake of Oct. 21, 1706.* 
Hoei Eqke. and Tsunami of Saikaido to Tokaido, Oct. 28, 1707. 


[Keicho Period. ] 
| Bepp and Uryu-jima Eqke. and Tsunami of Sept. I, 1596. 
iv), Fshimi (Kyoto) Eqke. of Sept. 4, 1596. 
¥ q 
ees Awa, and Msashi Eqke. and Tsunami of Jan. 31, 1605. 
[Meio Period. | 


(v) fee Harthquake of June 19, 1494.* 
Tokaido 3 Sept. 20, 1498. 


[Kanbun Period. | 
Tosa Harthquake of Dec. 10, 1661.* 
Kinai Provinces Eqke. of June 16, 1662. 
Hyuga (Kyushu) __,, Oct. ole 


(VIN Kyoto er eate 21 p64 
Shingu (Kii) a AUGe one © 
Kyoto June 25, 1665.* 


Kyushu and Lyukyu. 

Okinawa Earthquake of Aug. 29, 1909. 
Hyuga a Nay los ee: 
(viii) { Hyuga Earthquake of Feb. 18, 1911. 

Kikaiga-shima Eqke. of June 15, 1911. 

Kurile Islands. : 

Urup Earthquake and Tsunami of Sept. 8, 1918. 
Etrup " .. TOM: On 


(vii) 


(ix)f 


* Those marked with asterisks were small or local destructive earthquakes. 
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Of the above examples, (i) comprises the great destructive earthquakes 
along the Shinano-gawa valley. The cases (ii) to (iv) all relate to the great 
seismic zone off the external, or Pacific, coast of Japan, whose activity Was 
accompanied by the oceurrence of large or local destructive shocks from the 
central portion of the Main Island or from the western portion of the Inland 
Sea. It is evident that the general stress accumulation along the whole 
length of an earthquake zone causes the occurrences of destructive shocks 
from its differents points. The successive distances between the origins of the 
three great earthquakes of Sanjo, Zenkoji, and Sado-Shonai, were each about 
116 km., while the centres of the two extensive shocks of the Ansei period, 
namely, those of Tokaido and of Nankaido, on Dec. 23 and 24 respectively, 
were separated by a distance of 400 km. The groups vii, vili, and ix are also 
cases of the transference of the centre of great seismic activity along the 
external earthquake zone. In the Ansei group (ii) the time difference between 
the Tokaido earthquake and the Nankaido earthquake was 32 hours, and that 
between the latter and the West Inland Sea earthquake was 41 hours. 

The Ansei (ii), the Genrok (iii), the Keicho (iv), and the Meio (v) groups 
indicate some mutual geographical resemblances among themselves. Thus, 
the Ansei (ii) and the Genrok (iii) groups each included two great earthquakes 
with tsunami of the Pacific origin and a Yedo (Tokyo) earthquake. Again, 
both of the Ansei (ii) and the Keicho (iv) groups included one great earthquake 
and tsunami of the Pacific origin and one destructive shock in the Kinai 
districts (Kyoto and vicinity), and another in the western part of the Inland 
Sea. The occurrence in the Meio group (v) of one great earthquake and 
tsunami of Pacific origin and a destructive shock in the Kinai districts is 
similar to the cases of the two groups (ii) and (iv), 

Below I mention two cases, in which destructive shocks occurred 
successively, though not strictly from one and the same seismic zone. 


Date of Eqke. Eqke. Area. 
June 2, 1905. ... ... ... W. Part of Inland Sea. 
{ Riga Pe ECS Who Vicinity of Oshima Island (Izu). 
April 9; 1858. 0., fae 27: Provinces of Ktchu and Kchizen. 
{ OB a SIAR AE a et ON of Matsushiro (Shinano). 


10. Repetition of the successive occurrences. The groups ii, ili, iv, and 
v as well as the groups vii and viii, mentioned in § 9, are cases of the repeti- 
tion of the seismic occurrences along the external earthqukae zone. There 
were also instances of the repetitions after an interval of time of the succes- 
sive occurrences from two given seismic districts, as follows :— 
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(1) Vicinity of the Chokai Volcano and the Tokyo Plain. 
bh July 10, 1804. Great Kisagata Eqke. 
Dee. 7, 1812. Hqke of Kanagawa and Hodogaya (Msashi.) 
B i une 1894. Severe Tokyo Eqke. 
Oct. 22; 5 Great Shonai (Sakata) Eqke. 


(2) Riku-U Provinces and the Pacific Region off 
: the Sanrik Coast. 
a sJune 15, 1896. Eqke. and Great Tswnami of Sanrik Coast. 
Avies. 3 bean, Great Rikchu-Uzen Eqke. 
March 15, 1914. Senpok (Akita) Eqke. 
Ben 28," 3 Hiraga( ,, ) Eqke. 
Nov. 1,1915. Eqke. and Tsunami along the Coast of Rikzen. 


Provinces of Shinano and Totomi. 
April 28, he Eqke. of Omachi-gumi. 
A. fae 22, 1718. 3 Totomi, Mikawa, and Shinano. 
Oct zs Hiyama (Shinano),. 
on fs 1917. Eqke. of Totomi and Suruga. 
: 11,1918. Destructive Eqke. of Omachi (Shinano), 


March 23 and 29, 1919. Strong Eqke. of Iiyama and Nozawa 
(Shinano). 


) Sakura-jina and Hakone Volcanoes and Urup Island. 

v. 9, 1779. Great Eruption of Sakura-jima. 
oe 1780. Great Eqke. and Tsunami of Urup. 
avers 23, 1782. Eqke. of Odawara. 
March 22, 1786. Eqkes. and Jinari (sounds) at Hakone. 
Jan. 12, 1914. Great Eruption of Sakura-jima. 

=f an. ma Feb., 1916. Eqkes. and Jinari (sounds) at Hakone. 

Sept. 8, 1918. Great Eqke. and T'suwname at Urup. 
Nov. 8, = i Urup and Etrup. 


5 Voicanoes of Tarmai and Usu and the Teshio District. 
ere 8, 1874. Eruption of Tarmai. 


‘Web, 28, Eqke. of Rumoe (Teshio). 
June 16,1910. Eqke. of Rumoe (Teshio). 
July 24, ,, Strong Eqke. of the Usu District. 


WA nly 2a, 3 Eruption of the Usu Volcano. 
Sept. 8, _,, Eqke. of Onishika (Teshio). 
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In (2), the tsunami of the Pacific origin off the Sanriku coast and the 
great earthquake in the Riku-U provinces were both repeated after a time 
interval of nearly 20 years. In (4), the great eruption of Sakura-jima, the 
earthquake and jinari (earth-sound) at the Hakone extinct volcano, and the 
great earthquake and tswnamé at the Urup.island were all repeated after an 


Fig. 1. Map of Japan showing the Distribution of the Active and Dormant 
Volcanoes in Japan. 
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AASscces Volcanic Region on the Japan Sea Side. 
Bie-rcsene Kyushu and Lyukyu Volcanic Region. 
Cites cnis Fuji Volcanic Chain, 


Pree coees Hoizontal Pressure acting from the concave side of Jayan Arc. 
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Fig. 3. 

Map of Japan (Main Island, Shikoku, Kyushu) showing the Successive ‘ 

Group Occurrences of Great Volcanic Eruptions and 
Earthquakes in the years 1780-1854. 


I. Volcanic Eruptions along the Fuji Chain, 1780: A, O-shima, 
1777; B, Aoga-shima, 1780; C, Asama, 1783; (D, seismic 
shocks and meido at Hakone). 


2. Japan Sea Zone, 1800. E, Eruption of Chokai, 1800. Earth- 
quakes: a, Kanazawa, 1799; b, Ogi, 1802 ; ¢, Kisacata, 1804. 


3. Shinano-gawa Zone, 1840. Earthquakes: d, Sanjo, 1828; e, 
Sado and Shonai, 1833; f, Zenkoji, 1847, 


4. South-Western Part and Pacific Zone, 1854. Earthquakes : 
g, Hakone and Odawara, 1853. 

, Kinai Provinces, 1854. 

, Inland Sea, 1854. 

, Yedo (Tokyo), 1855. 

p, Genrok, 1703. m, Suruga, 1857. 

q, Hoei, 1707. n, Inland Sea, 1857, 


, Tokaido, 1854. 
j, Nankaido, 1854, 


—A > 
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interval of 130 years. In (3), there was a repetition after some 204 years of 
the destructive earthquakes at Omachi (Shinano), at Iiyama (Shinano), and in 
the provinces of Suruga and Totomi. 


ll. Successive occurrences of great eruptions and earthquakes in J apan, 
1780-1854. (See Pl. III.) The great volcanic and seismic convulsions in 


Japan during the 80 years from 1777 to 1857, including the memorable 
eruptions of the Asama, the O-shima. and the Sakura-jima volcanoes, and the 
most violent earthquakes of Zenkoji, of Tokaido, of Nankaido, etc., indicate a 
clear series of successive transference of the telluric activity among the 
different voleanic chains and seismic zones, in four groups, at the mean epochs 
of about 1780 ; 1800 ; 1840; and 1854, as follows. 


(1). Volcanic eruptions along the Fuji Chain, 1780: O-shima, 1777 ; 
Aoga-shima, 1780 ; Asama, 1783. 

(II). Japan Sea Zone, 1800. Eruption of Chokai, 1800. Faaihdaakaes 
Kanazawa, 1799 ; Ogi, 1802; Kisagata, 1804. 

(III). Shinano-gawa Zone, 1840. Earthquakes: Sanjo, 1828; Sado and 
Shonai, 1833 ; Zenkoji, 1847. 

(IV.) South-Western Part and Pacific Zone, 1854, Earthquakes : 


Hakone and Odawara, 1853 ; 
Tokai 2. 1A Kinai provinces, 1854 ; 
( es ioe (B){ Inland Sea, 1854 and 1857 ; 
; Yedo (Tokyo), 1855 ; 
Suruga, 1857. 


(1), to begin with, the Fuji voleanic chain manifested its energy in the great 
eruption of O-shima (Izu) in 1777, followed by those of Aoga-shima in the 
south, and of Asama in the north, respectively in 1780 and 1783. (II), then 
the activity was transferred to the Japan Sea side, and the Chokai volcano in 
the north made a great eruption in 1801, resulting in the production of a new 
lava dome, called K yowa-dake after the name of the period, which forms the 
present central highest peak. This had been preceded by the earthquake of 
1799 in the south, off the coast of Kanazawa (province of Kaga), which was 
accompanied by tsunami (tidal waves). In 1802 there took place the 
destructive earthquake in the vicinity of Ogi in the province of Sado which 
caused a remarkable elevation along the south-west coast of the island for 
some 25 miles. The harbour of Ogi, which suffered a great inconvenience 
from the elevation of the terrain to the amount of 7-feet, had to be recon- 
structed at great cost to accommodate the anchorage for the ships. 'T'wo years 
later there took place another remarkable great earthquake, in 1804, at the 
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base of the Chokai volcano, toward the north, resulting in the upheaval to the 
amount of 5 to 9 feet of the coast region for the extension of about 12 miles. 
Amongst the others, the lake of Kisagata, famous for its beautiful scenery, and 
termed the Matsushima of Dewa (old name for the provinces of Uzen and 
Ugo), was in consequence dried up, its numerous islets overgrown with pine 
trees since existing in the converted cultivated fields. (IIL), the seismic 
activity was then transferred to the Shinano-gawa valley zone, commencing 
with the Sanjo earthquake of 1828, followed by the submarine shock of 1833 
in the north. This latter earthquake, whose origin was at the intersection of 
the above-mentioned earthquake zone with that off the Japan Sea coast, also 
caused tsunami (tidal waves) along the shores of Sado and of the provinces of 
Uzen and Echigo. The great earthquake of Zenkoji (Nagano) in 1847 
finished the seismic disturbance in the period under consideration. (IV), then 
came the Ansei earthquake group, the two greatest shocks on Dec. 23 and 24, 
1854, taking place off the Pacific coasts of Tokaido and Nankaido respectively. 
In the same epoch, 1858 to 1857, the destructive earthquakes took place 
along a line connecting the depressed areas of the Inland Sea, the Osaka bay, 
the bay of Ise, and the Tokyo bay, namely, at Odawara and Hakone ; in the 
province of Iga, Ise, and the vicinity of Nara; in the western parts of the 
Inland Sea; at Yedo (Tokyo); and in the western part of Suruga. Finally, 
the earthquake of 1858 at the boundary of Echizen, Etchu and Hida, corre- 
sponding to the sw. prolongation of the Shinano-gawa zone, finished the 
seismic disturbance. 

The occurrence of the different seismic and volcanic disturbances above- 
mentioned may be summarized as follows :—The activity was initiated, (1), by 
the excessively powerful eruptions along the Fuji volcanic chain, which may 
be regarded as a great fissure formed normally to the volcanic district 
composing the concave, or compression, side of the Japan Arc. This may be 
assumed as an indication of the stress accumulation, and probably the effect of 
a general elevation in the earth’s crust along the whole extension of the latter, 
and it was natural that, (II), the next manifestation of the telluric activity 
should be located on the Japan Sea side, including an eruption of the Chokai 
voleano. The special feature of the earthquakes (and the eruption) of this 
group is that they were accompanied by tswnamé (tidal waves), and by re- 
iarkable elevation of the coast regions, both of the island of Sado and of Japan 
Sea side of the Main Island. Then, (II), the adjacent Shinano-gawa zone was 
put in activity which forms an intermediate link between the Japan Sea and the 
Pacific coasts. The south western portion of Japan was finally brought into 
an unusual seismic activity. In short, the great convulsions in the period 
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1780-1854 may be considered as the manifestation of the results of the under- 
ground stress accumulation in the central portions of the Japan Arc and about 
the Fuji volcanic chain. 

12. Conclusion. It is evident that the successive occurrences of great 
and local destructive earthquakes in and about the Japan Arc is by no means 
rare. Hven small destructive shocks originating in a local seismic district do 
not have exactly one and the same centre. In the occurrences along an active 
seismic zone of great destructive earthquakes at close time intervals, like those 
in the Ansei period, the centre of disturbance would be displaced each time 
several score to several hundred km. apart. As a destructive earthquake is 
equivalent to the removal of a great stress accumulation in the earth’s crust 
and as it does not originate beyond a cetain depth below the surface, seismic 
disturbances of extensive magnitude ought not to recur at one and the same 
loeality, at least for a considerable time length. As a matter of fact there was 
in the historical times of Japan no case of repetition of the occurrence of great 
destructive earthquakes from one and the same centre. 

As the Japan Arc forms a great seismic and volcanic region, or system, all 
the old, recent, and future earthquakes and volcanic eruptions in different 
parts of the empire are to be regarded as being more or less mutually related. 
This principle forms the basis of the researches concerning the earthquake 
zones and the future seismic disturbances in Japan. 


On the Focal Depth of the Earthquakes originating 
in the Kwanto:Provinces. — 


By 
F. OMORI. 


The distance (=x km.) of the seismic centre from a given observing 
- place, calculated from the duration (=y sec.) of the preliminary tremor of the 
earthquake motion, by the formula xkm = 7.42 y sec.* denotes the approxi- 
mate length of the path from the actual focus, and not the surface radial 
distance from the epicentre. Hence the arcs drawn on @ map with three 
different places, s;, 8, and s,, mutually not much distant, as centres, with radii 
corresponding to the distances calculated from the above formula, generally 
form a circular triangle, whose centre, m, or the point near which the bisectors 
of the three angles mutually pass may be assumed to indicate the approximate 
position of the epicentre, C, should the three stations form a triangle surround- 
ing the latter, (fig. 1). In case the circular triangle lies outside of the triangle 
S1 8» Sg, a8 in fig. 2, the position of the epicentre C may be assumed to be not 
far from the point near which the bisectors of the two external angles meet 
that of the remaining angle. With the epicentral distance () of a given place 


Ss >a 


Fig. 1. Fig. 2. 


* The Bulletin of the Imp. Eartha. Inv. Comm., IX. (1918), p. 33. 
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thus found and the distance x respectively as the horizontal side and the 
hypothenuse ofa right-angled triangle, the vertical side gives the approximate 
depth (h) of the focus ; the neccessary conditions for the determination of the 
position of the epicentre being as follows (fig. 3) :— 


where x’s and r’s are the radial distances of the three stations from the seismic 
focus and the epicentre respectively. (See fig. 4.) Applying this method to 
the recent seismographical observations at the Seismological Institute 
(po = 85° 42! 35" N., A = 189° 45’ 58” E.), and the meteorological observatories 
of Mito (py = 36° 22/ 44”,E., 2 = 140° 28’ 18” E.), and Choshi (g = 35° 44’ 11” 
N., 4 = 140° 51’ 38” E..), the 21 earthquakes felt in Tokyo in 1919-1922, of 
strong, moderate, or slight intensity, and with the origin situated in the 
Kwanto provinces of Shimosa, Hitachi, Awa, Kazusa, Sagami, and Musashi, 
give the focal depth varying between 16 and 49 km. with the average value of 
33 km. (See the annexed table.) This may be regarded as the approximate 
mean depth at which the earthquakes in the neighbourhood of the lake of 
Kasumiga-ura originate, the epicentral distance from Tokyo varying between 
31 and 112 km. 
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Fig. 4. Map showing the Positions of some of the Seismic Centres determined from the 
Observations at Tokyo, Mito and Choshi. 
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The date of each earthquake is affixed to the arcual triangle drawn about the 
three places of observation as centres. The arrow indicates the direction of the initial 
displacement of the eqke. of Nov. 22, 1922. observed in Tokyo. 


Focal Depth of the Kwanto Earthquakes. OFT 


Focal Depth of the Kwanto Earthquakes. 


Time of _ Duration of Prel. | 
Date. Occurrence in| are chee a ae are aad ek 
Tokyo. | " Tokyo. Ch¢- | wito. rs 
2 de eg = ee f ob e a sg (sca 
1918. | | | 
hm s | sec. | sec. | sec. | km. 
IV 19* | 8 20 46 p.m. | Moderate. | 5.2 | 15.8] 12.0 | N.E. part of Musashi. | 16.0 
X4 11 56 82 aw. » | 85) 11.2] 12.0) N. part of Kazusa. | 36.0 
1919. | | | va 
1 20* | 0 26 07 pv. | Moderate. 76, 86| 9.6. Boundary of Hitachi and 31.0 
's Shimosa, to the S. of Kasu- 
| | tmiga-ura. | 
VI1 | 8 34 27 am. ¥ 10.0 9.6 7.0 Kasumiga-ura. | 37.0 
VI9 814544. | Slight, 9.7 5.5 | 83  TotheS.E.of Kasumiga-ura. 21.0 
VIi2 1015 26rm, 9.9| 99] 82 TotheS.W.of ,, 43.0 
| | | 
VIIL15 11 06 42 a.m. | ” 8.5 | 10.4 | 11.8 Central part of Shimosa, 49.0 
1920. | | | | | | 
V8 | 002 21 par. | Slight. | 76) 11.2] 7.9 {Vicinity of the town of 30.0 
| | ‘(Shimotsuma. | 
IX5 | 5 44 56 a.m. | 3 15.4 | 4.7 | 15.0 | Submarine, to the E. of 20.0 
| | Choshi. | 
1921. | | | | 
IV 11 | 902 44 p.m. Slight, 7.3| 89| 91 fTo the SW. of Kasumiga- 29.0 
| ura 
IV 18 | 2 33 57 p.m. = |; 6.0 | 10.8,) 10.8 S.W. part of Shimosa, | 33.0 
| | | | 
X2 11 58 20 p.m. | Moderate. 90, 7.8} 10.7  N.E. part of Shimosa,. | 38.0 
| | | 
XIT8 9 3141 pm. Strong. | 88) 94) 8.0 (To the S.W. of Kasumiga- 29. 
| | ura, near the boundary of 
| Hitachi and Shimosa. | 
XII 26 10 15 09 pm. Slight. 124) 4.7 11.0 To the S.E. of Kasumiga-ura, 32. 
XIL29* 1106 50pm. |, | 6.5 | 146) 11.0 NE, part of Musashi. | 22. 
1922. | | 
Semidest- | : : 
IV 26 1011 41 aa. iirciae | 11,1 | | _ In the Uraga Strait. | 48 
| | | | . : | 
V9 | O 28 57 pa. | Strong. 78 10.6; 9.0 (Boundary of Hitachi and 32 
4Shimosa, to the S.W. of 
| \(Tsuk- < Mount Tsukuba. | 
VIII 25*) 4 45 35 a.m. | Moderate, 8.2 ba:5.6) Do. 37 
(Tsuk- | 
X122 0 49 06 p.m. | Slight. 6.8 11.3 ba:5.3) S.W. part of Hitachi. | 29 
14 | 3 32 59 pm. | Slight. 7.L 10.4 | 9.0 _ N. part of Shimosa. | 32 
114 20406 ra. | Unfelt | 126 5.8 | 11.0. x | 40 


(*) Accompanied, in Tokyo, by a loud sound, 


Earthquake Zones in and around the Pacific.* 
By 


F. OMORI. 


Introduction. An earthquake is caused when the stress in a given 
portion of the earth’s crust reaches a limit and gives rise to the production of 
a sudden underground dislocation, crack, compression, elevation, depression, 
etc., a large seismic disturbance being equivalent to the removal of an exten- 
sive geophysical.strees. Naturally there are non-seismic and seismic areas, 
and, broadly speaking, the regions about the Arctic, namely, the northern 
parts of Russia, Siberia, and Canada are subject to least seismic visitations, 
while the margin of the Pacific ocean forms the most active earthquake zone 
of the earth. 

Pacific coasts. In South America there stands the great mountain range 
of the Andes right along the Pacific coast, while the sea off the latter reaches 
the depth of over 7000 metres.. The steepness of the surface gradient, which 
must favour the occurrence of earthquakes, exists also along the Pacific coasts 
of North America, Aleutian islands, and of the Japanese islands. The two 
latter series of islands furnish, together with Sumatra-Java and the Himalayas, 
great well-defined peripheral arcs, with cancavity turned toward thee ontinent 
of Asia, the steeper, or deeper, region-being always on the convex side. The 
arcual form in question may be supposed to be the result of a horizontal 
pressure applied from the inner, or concave, side. The genesis of this marginal 
action may be attributable to the possible sinking down of the great continental 
mass, which perhaps has already passed the limit of elevation and has entered 
upon the stage of settlement, Thus, in the arcs under consideration, the 
concave and the convex sides are to be regarded as areas of compression and of 
tension respectively. The convex, or tension, side forms in each case the 
principal seismic region ; while the concave, or compression, side is essen- 
tially the voleanic region. This fact is well indicated in the Aleutian, Japan, 
and Sumatra-Java arcs, which abound in volcanoes and which are frequently 
shaken by great submarine earthquakes originating off the convex side. ‘T'he 
distribution - of volcanoes and seismic centres in Italy: furnishes another 
example of the illustration of the same principle. — ~~ ; 
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* Reproduced from the Proceedings of the First Pan-Pacific | Scientifie Conference (1920.) 
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Volcanic and seismic districts. The Japan and other arc systems as 
well as the whole border of the Pacific may be regarded each as forming a 
volcanic chain or an earthquake district. Hence it is natural that, in an epoch 
of activity, great volcanic or seismic disturbances should happen in succession 
from different parts of such an arc as the result of accumulation of the under- 
ground stress affecting the whole system. Thus, in Japan the volcanoes of 
Oshima, Sakura-jima, and Asama made tremendous outbursts in the years 
1777 ; 1779 ; and 1783 respectively. After an interval.of about 130 years, the 
same three volcanoes made again great convulsions between the years 1909 
and 1914, although the Sakura-jima is in Kyushu and widely separated from 
the two other mountains belonging to the Fuji volcanic zone. Between these 
two remarkable periods of the volcanic activity, the epoch of 1858-1859 was 
one of an extraordinary seismic activity, there being no less than twelve 
destructive earthquakes in different parts of Japan; amongst others, the two 
ereat shocks off the southern and south-western coasts of Japan on Dec. 23 and 
24, 1854, produced tswnami, or tidal waves, which crossed the Pacific and 
were recorded on the tide gauges at San Francisco, San Diego and Astoria. 

Pacific earthquake-zone. Great destructive earthquakes do not take 
place at any district at random, but originate along weak lines in the earth’s 
crust which may be termed earthquake zones. From the map, which indicates 
the distribution of the origins of the more prominent among the extensive 
non-volcanic earthquakes since 1897, it will be observed that the flat suboce- 
anic regions of the north and south-east Pacific is seismically very quiet, while 
the most active earthquake zone runs off or along the coast of the South and 
North America and of the Aleutian and Japan arcs. In the south-western 
part of the Pacific, remarkably deep local basins are found off the arc formed by 
the islands of New Guinea, New Caledonia, and New Zealand, it being exactly 
there that great earthquakes originate. Taking the latter arc as denoting the 
real south-west boundary of the great ocean, we may say that the margin of 
the Pacific forms the great earthquake zone in the world. To the west it is 
prolonged to the outer base of the Himalayas, and through Turkestan and 
Caucasus, to the northern coast of the Mediterranean. Large Pacific earth- 
quakes are often accompanied by destructive tswnamt. 

Earthquake occurrence. Great earthquakes, which remove over-strained 
conditions in the earth’ crust and which originate near the surface, occur at 
different places of an eartnquake zone at different times, not repeating from one 
and the same point. Thus, the Japan earthquake on Dec. 23, 1854 took place 
off the coast of Tokaido, while the equally extensive shock on the next day 
originated from the same earthquake zone, 200 miles to the west, off the coast 
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of Nankaido. Again the series of the great earthquakes, (1) off the north west 
coast of Alaska in 1899, (2) the Mexico and Central America earthquakes in 
1900 and 1902, and (3) the Panama, Columbia, and Equador earthquake on 
Feb. 1, 1906, had to be regarded, not as independent and unconnected events, 
but as the results of the stress accumulation at different parts of the seismic 
zone along the Pacific coast of North and South America. Thus the turn was 
to come next to some place between (1) on the north and (2) and (8) on the 
south, along the coast of the United States. This expectation was fulfilled in 
the San Francisco disaster on April 18, 1906. My further prediction that the 
next great shock would probably occur at the southern prolongation of the 
active part of the zone in question, to the south of the equator, was verified in 
the Valparaiso earthquake on Aug. 16, 1906. It is remarkable that this was 
preceded by only half an hour by another great submarine disturbance to the 
south of the Aleutian arc. The almost simultaneous occurrences of two great 
shocks from the two extremities of the American branch of the Pacific seismic 
zone, at a mutual distance of some 10,000 miles, prove the existence of the 
zone itself. There are other cases in which great seismic disturbances occurred 
within a few years from opposite extremities of an earthquake zone. Thus, 
the 1897 Assam-Bengal and the 1905 Kangra (Punjab) earthquakes occurred 
nearly 1,000 miles apart at the external foot of the Himalayan arc respectively 
near the eastern and the western ends. Again, the Messina earthquake of 
1908 and the Avezzano earthquake of 1915 originated about 400 miles apart 
respectively near the south and the north ends of the central and south 
Italy earthquake zone. The occurrence of the Swatow earthquake on Feb. 
13, 1918 is interesting, as the Himalaya-Mediterranean seismic zone had been 
assumed to be continuous with America-Japan zone through the southern 
maritime provinces of China, although these had no record of previous 
destructive shocks. 

Earthquake prediction. ‘Studies on the time and space distribution of 
earthquakes and volcanic eruptions have thrown some light on the problem of 
the prediction of these events. Especially considerations respecting seismic 
zones give as in some favourable cases hints as to the probable locality of 
occurrence of future great tectonic earthquakes. The popular idea of repeti- 
tion of destructive shocks successively at one and the same point is a great 
fallacy ; a place seismically most dangerous being such as belongs to a powerful 
seismic zone, but has not yet, at least in the historical times, been shaken by 
a destructive earthquake originating right under it or very close toit. An 
important task for the practical seismologist in an earthquake country is to 
make a through study of the location and history of the seismic zones, to infer 
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the intensity of motion in future earthquakes likely to affect a given district, 
and suggest proper methods to be followed in architectural and civil engineer- 
ing structures. The mitigation of the destructive consequences of earthquakes 
can be very materially effected by the adoption of even a slight amount of 
earthquake-proof measures. It is no rare thing in Japan that some wooden cotta- 
ges remain standing even at the epicentral districts of tremendous earthquakes, 
as was the case at the Neo-Valley in the Mino-Owari earthquake of 1891. 

Relation between earthquake and volcano, Volcanoes and the centres 
of large tectonic earthquakes show distinct space distributions. A volcano, 
whether active, dormant, or dead, may often become the centre of numerous 
voleanic earthquakes. These are generally local and weak, and, even when 
strongest, belong to the category of what may be termed a small destructive 
shock, namely, one causing such damage as the fracture of brick chimneys, 
collapse of stone houses and badly built brick houses, loosening and 
breaking of cast iron waterwork pipes, etc. A volcanic district may be assumed 
to be free from the visitation of a great destructive earthquake, namely, one 
whose area is extensive and whose intensity of motion is sufficient to destroy 
properly constructed wooden or iron buildings. Houses built of very bad 
building materials, whose tensile strength is practically zero, have no earth- 
quake-proof capacity, and will be wholly crushed down or scattered about at 
once simultaneously with the commencement of the strong motion phase of 
the earthquake. These may, of course, be destroyed even by volcanic earth- 
quakes of the severer intensity. 

Hawaiian islands. The Hawaiian islands are not likely to be visited by 
such great seismic convulsions as take place along the margins of the Pacific. 
The stronger local shocks will, however, prove destructive to badly built 
structures of stone or brick. Consequently it is absolutely necessary that 
houses in the Hawaiian islands should be built with proper earthquake-proot 
precautions. 


Seismographical Observations in Tokyo of the 
Earthquakes with Sound. 


By 


F. OMORI, 


Member of the Imperial Earthquake Investigation Committee. 


With Plates [V-XIX. 


1. Introduction, The majority of the earthquakes felt in Tokyo are not 
accompanied by sounds ; those accompanied by sounds occur rarely, with the 
average yearly frequency of only about 4, roughly constituting 15% of the 
sensible shocks in Tokyo. 

The earthquake sounds which are perceived in Tokyo are of two types: 
(A), detonative noise (doz, dodon, ton, like that caused by the falling of a heavy 
weight on the ground or like the booming of a distant gun firing ; (B), 
feeble rushing noise like that of wind blowing at a distance. Tables I and II 
embody the results of the observations on the earthquake sounds which I have 
made in Tokyo, during the course of the 16 years, 1907-1922. 

In the present note the sound phenomena are considered with respect to 
the position of origin and the cause of the earthquakes, based on the tromome- 
ter measurement of the seismic motion. 

2. Sound and earthquake motion, The A-type sound is perceived in 
general only at the commencement of the earthquake motion and lasts 0.5 sec. 
or so, being usually composed of a single report and very rarely of a series of a 
few reports. The B-type sound is likewise perceived at the commencement 
of the preliminary tremor, It is, however, likely that the sounds of both types 
often exist also at the commencement of the maximum motion phase*, but 
become unperceptible on account of the prevalence of the noises then caused 
by the shaking of the houses and furnitures. 


* For an illustrative case, see my paper, “ Observation of Local Earthquakes on Mount 
Tsukuba, in 1905,” Publication of the Imp. Earthquake Investigation Committee, No. 22, A, 
(1908). 
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It is likely that the sound of either type which accompanies a great des- 
tructive earthquake is astoundingly loud. But it by no means follows that all 
the strong earthquakes are accompanied by sounds. Thus, of the three 
strongest earthquakes felt in Tokyo since the Yedo (Tokyo) catastrophe of 1855, 
namely, those of June 20, 1894, at 2. 04 P.M.; Dec. 8, 1921, at 9. 31 P.M. ; 
and April 26, 1922, at 10. 11 Am. ; the first two were accompanied by no 
distinct sound, while the third was initiated by some low indefinite sound. 

3. Seismograms. A careful examination of the tromometer registers 
shows that the horizontal motion has no special feature distinguishing the 
earthquakes with sounds of either type from those not accompanied by sounds ; 
the commencement of the horizontal preliminary tremor, whose duration Is 
well defined, being generally composed of extremely minute vibrations. 
(See figs. 25, 26, 28, 36 and 37.) The vertical component of the earthquake 
motion with the A-type sound is, however, quite characteristic and begins 
with a sudden prominent displacement, which often forms the absolute 
maximum vertical amplitude of the whole earthquake, (fig. 1). In these cases, 
therefore, the preliminary stage of the verticai motion corresponding to the 
“preliminary tremor ”’ of the horizontal component, is not relatively small at 


all. Illustrative seismograms are reproduced in Pls. V, VI, etc. 


13 Fig. 1. Diagrammatic representation of the 
2a Vertical Earthquake Motion with the 
A-type sound. 


@.|| AQ. sexies Initial vertical displacement (single 
| 
“TINA AN, MA ; amplitude). 
jprve ti NWS 
WW i Win 2a’) ....Counter displacement (double am- 
plitude.) 
La, | ZA] scoes. Maximum motion (double amplitude) 


in the succeeding phase (corresponding 
to the principal portion in the hori- 
het a zontal component). 
Tiecshee « Preliminary Tremor.” 

The initial displacement a), which may be directed downwards or upwards, is 
considerably greater than the movements at the commencement of the 
horizontal component. The vertical component of the earthquake with the 
B-type sound indicates no peculiarity of this kind. 

In the subsequent description of the seismograms; the following notations 
are used :— 


Fig, 2. 


Map of the Kwanto Provinces, showing the Location of the Centres of the Sound 
Earthquakes perceived in Tokyo, and of the Earthquakes with the well 
developed Vertical Preliminary Tremor 
observed at Choshi. 


The three elliptical or oval areas, I, II, and ITI, mark the regions where the recent 
earthquakes sensible in Tokyo mostly took place. 


@ indicates a case of initial upward motion. 
a RS downward motion, 
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The shaded parts are of Tertiary and other rocky formations, while the unshaded (white) 
parts are the alluvial and diluvial plains, 
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i = Range of motion (double amplitude) generally. 
T = Complete vibration period. 
a = Ist vertical displacement (single amplitude). 
ea = Counter displacement (double amplitude). 
| = Maximum motion (double amplitude) in the subsequent stage, or 
the principal portion. 


4. Older observations. The following table gives the list of the 
earthquake sounds which I have observed in Tokyo during the course of 
the 6 years, 1900 to 1906. 


Earthquake Sounds perceived in Tokyo, 1900-1906. 


Time of 
Date. ; Sound. 
Occurrence. 
hem S 
Aug... 27 1900. | 2 59 52 PM. Loud sound, mistaken by many for a gun 
: | booming. 
June. 23, 1902. 7 42 429 am. | Loud rumbling sound, mistaken by many 


for distant thunder. 


May. 6, 1903. puke tae Oeay 9! AM. | Sound like distant thunder. 


July. 93. 1902. | ll 52 30 PM. | Sound like that caused by a heavy weight 
, falling on the ground, 


Feb. 12, 1900. ie CYC: AM. | Rushing sound. 


June. 24, 1902. | 9 06 32 P.M. | 5 
Noy. 10, 1908. 6 50 54,P.M. | zs 
Feb. 26, 1904. Oy DU" (42) PM: | » 
Aug. 4, 1904. Jt TPM | » 
April. 6, 1905. | 9 29 43 PM. ‘ 


Feb. 24, 1906. 9 14 42 Am, | Sound like that caused by a wagon passing 
over a wooden bridge. 
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Table |. Tokyo Observation of the 
nn =a EERE NEN 


l : | Duration 
y| Duration | ¢ 


Date | Ris sts Tanemesiy ‘| = Prel. | Sensible ae Magee 
; : La emeh Motion, 

ine di 1G | sec. sec. | min, mm. 

Feb, 28, 1907.| 3 02 26 P.M. I 8.2 | | 0.19 
June 14, , t 48 45 P.M. II 10.4 35° 0.71 
July 25;.on Mt 80. SO kM oe Te ees 0.11 
Sept. 16, 1908.| 9 09 27 P.M. if 86 | — 0.29 
Dec. 26, 190% | 9 02 05 P.M. L:, 4 126 2 0.28 
April 13,,1910.4 9556515 P.M > lle o.3 | 25 0.48 
June "28, “S T10 BS Sl Pee) lie Coon 2.00 
March 11, 191]. 10 17 58 P.M. Til 8.2 62 1.80 
No. 6 » | 60010PM| III | 123 | 30 6.70 
Aug. 6, 1912/19 21 88am] I 6.5 | 16 0.07 
Jan, 18,1914) 7 14 15 Pape I 9.6 0.33 
March 5, 9 39 39 PM. 7 10.3 | 46 0.18 
July 19, 1918./ 4 19 BG AM. T jou idee 0.12 
March 29, ,, 3 54 21 PM. IT 7.9 = 0.05 
April 14, ,5 |10 35 54 A.M. I 8:35 30 0.52 
May 10, » |1] 41 394M. 1 74 a 6 3 0.12 
May 16, » 0 04 26 A.M. i 11.3 — 4 0.06 
May 19, 5 5 45 27 AM. Li 9.0 45 20 1.20 
5: os 6 03 03 A.M. I 9.9 30 0.49 
Oct. 8, 1915.) 9 18 24 P.M. L 8.0 — 0.45 
Oct.a 11, Ve 111536 8 ee a i 5.6 35 2, 0.06 


eg 


* I. slight ; Il, moderate; III, strong, (p. 58). 
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Earthquakes with the A-Type Sound. 1907-1922. 


Position of Remarks: Accounts of the Author’s 
Earthquake Origin. Personal Experience. 


Indistinct rumbling sound, (ton......) followed by vertical 
| { ice eee (Observed at Suido-chd, Koishikawa Ward.) 
re ; re d (do do... A S. 
Vicinity of Kasumiga-ura. | ee sound (do do ), followed by vertical movements 
_fSound, like that caused by the fall of a heavy weight on the 
| \ ground, (Do.) 

Sound (ton) like that caused by the fall of a heavy weight on 

the ground, which was not recognized at once as an earthquake, 

as it was followed by perceptible feeble motion first some 17 sec. 
later on. (Observed at the Seismological Institute, Hongo.) 
_gOnly a faint rumbling sound. (Observed at Otsuka, Koishi- 
kawa Ward.) : 
Sound (ton), like that caused by a weight falling on the 
ground, followed immediately by tremors. (Do.) 
Sound (do do...... ), followed by the motion which was vertical 
{ at first, but was horizontal later on. (Do.) 
Do Sound (ton ton...... ) perceived for 2 sec. The vertical vibration 
iy | was moderately strong. (De.) 
Bay of Sagami. Sound (do do...... ), followed by vertical movements, (Do.) 


N. part of Shimosa. 


E. coast of Kazusa. 


N. part of Shimosa. 


eres gSound (ton), followed by feeble tremors. (Observed at Seis. 
. part of Sagami. iv Institute.) 


7 Sound (ton), followet by vertical shock 5 sec, later on. 
S.E. corner of Kazusa. (Observed at Mejiro, Koishikawa Ward.) 
Near the S.E. coast of the . sudden sound (don), like that caused by the fall of a heavy 


weight on ground. The motion became stronger 17 sec. 
later on. (Do.) 

Very light sound (ton) was followed after 5 sec. by feeble 
vertical tremblings of a short duration. 

N.W. part of Kasumiga-ura, Sound (ton), followed by tremors. (Do.) 


Awa-Kazusa peninsula. 


S. part of Kazusa. 


E. part of Sagami (?). (hae (ton), like that cansed by the fall of a heavy weight on 
e ground, The motion was scarcely perceptible. (Do.) 

_ (A strong sound (ton), like that caused by a heavy falling body, 
was followed by a slight rushing noise for about 10 sec. 
Distinct shaking was felt 12 sec. later on, (Observed at 
Seism. Institute.) 

A sound (don) like that of a sudden uplifting of the ground, 
{ followed one or two seconds later by extremely feeble 
| shakings, 

{ 


Vicinity of Kasumiga-ura. 


Boundary of Awa and 
Kazusa, 


Off the S.E. coast of the 


: Do, 
Awa-Kazusa Peninsula, 


Sound (don), like that caused by the fall of a heavy body on 
ground, followed by a moderately sharp shock. (Observed 
at Mejiro, Koishikawa Ward.) 

Some rumbling sound, follwed by slight shakings. 


E. coast of Kazusa 


E. coast of Awa-Kazusa 
peninsula. | 


E, part of Kazusa. | Sound (ton), followed by horizontal motion of very short 
duration, (Do.) 

| f Loud sound (doon', which I mistook for a noise caused by a 
\ sleeping child striking its foot strongly against a sliding 
| sereen. The shaking was very slight. (Do.) 


E. part of Sagami. 


a —___,, 
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Table I. Tokyo Observation of the 
<<< 
Duration _ Duration Total | 
ate | Time of ensi ‘ : hi ap oes 
Date Cusamence, | Mtewbity, ef Peel: | sensible |Duration,| 7” 
= 7 2. ’ as i sec. see. 4 ie ‘i mae 
Nov. 20, 1915.) () 45 26 A.M. i 8.8 | 0.08 
jy 14196 711 50RpM.| IT | 106 | 6 | 0.50 
Ang. #hiw of11 82 60.) ILD] 183640 73 | 30 ides 
Jan, 29, 1917. 9 95 18P.M.) II 8.2 | 30 4 | O80 
eb. Iee | 0105 OG PAL) 1 65 | 25 0.09 
April 9 » | (Morning) A.M. I Sy | 14 0.11 
April 26, » | Q 09 36 P.M. I 6.7 1 0.08 
Dots So Lee 7k ede 9.0 38 6 
| | | eae 
April 19, 1918. | 9 99 46 P.M. Lt Gd Gkuicee -20 3 0.46 
May LSiecs OLA Or AL een it | 6 20, 
Oct. = 4 om 11 56 B2AM.| IIT i he 60 11 | 2.00 
Dec. 19, 1918, 1 Ol 58 P.M. C2 14 
Jan. 24, 1919.) 26 07 P.M a 7.6 | 30 7 1.40 
May 20, » 9 45 22 A.M. II 9.4 15 4 0.25 
Dec. 29, 1921./11 06 50 P.M. 5.5 16 2, 0.30 
June 15, 1922. 4 O07 52 P.M I 7.6 (Short) 1 0.064 
Ang.) 25) GA Bok Me II 8.2 30 8 0.125 
| i 
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Earthquakes with the 


ee 


Position of 
Earthquake Origin. 


S.E. part of Kazusa. 


Awa peninsula. 
Vicinity of the town of 

Ota at the boundary of | 

Hitachi and Shimotsuke. 


Off the 8. coast of the Mi- 
ura peninsula, Sagami. 


Vicinity of Kmagai, in 
the N E. part of Musashi. 


At Kasumiga-ura. 
W. part of Sagami, 


W. part of Musashi. 


Central part of Musashi, | 
about 40 kim, to the N.W. 
of Tokyo, 


S.E. part of Kazusa. 


To the W. of Kasumiga- 


ura. 
e 


( 


ura. 


N.E. part of Musashi, 
some 35 km, to N. 20° W. 
of Tokyo. ; 


S.W. corner of mgt 
km. to the N.N.E 
Tokyo, 


é 


ee 


Off the S. coast of Kazusa- | 


the W. of Kasumiga- 


A-Type Sound. = (Continued.) 


Remarks: Accounts of the Author’s 
Personal Experience. 


Sharp loud sound (doon), followed by shakings. (Do.) 


Loud sound, like a distant gun booming, followed by quick 


vibrations. (Lo.) 
Rumbling sound (do do...... ), accompanied by quick vertical 
jerks. Simultaneously crowed the pheasant in the 


neighbouring garden. (Do.) 

Sharp sound (ton), “like that caused by the fall of a heavy 
body on ground, followed by tremors. The motion 
became stronger later on. (Observed at the Seism. 
Institute.) 

Sound (ton), followed by vertical tremors. 
me pe et 12 sec. after. (Wo.) 
Sound (ton), which seemed to proceed from N.W. to 8.E. 

Nee was just sensible, (Observed at Zoshigaya). 

Sound (ton), followed by very feeble tremors. (Observed at 
Sete i Gea 

Loud sound (doon), like that caused by a heavy body falling on 
ground ‘The motion was horizontal and became stronger 
9 sec. after. (Do.) 

Very loud detonative sound, like a gun booming, immediately 
followed by feeble tremors, chiefly vertical. (Observed at 
Zoshigaya.) This was a proper meido, or jinari (earth- 
sound), which was mistaken by some people for the effect 
of see of a gun-powder magazine, on account of 
the loudness. 

Feeble sound (ton), like that caused by a falling weight, 
followed by very slight tremors. (Do.) 

Sudden loud sound (ton), like that caused by the fall of a 
heavy body on ground, immediately followed by the 
shakings. (Observed at Seism. Institute.) 

Slight coimat (ton), followed by gentle shakings. 


The motion be- 


The 


| 
| 
| 
| 


(Do.) 


Loud sound, like that caused by the fall of a heavy body on 
ground accompanied by the vertical motion. The direc- 
tion of the principal horizontal shaking was E.W. (Lo.) 

Loud sound (don), like that caused by the fall of a heavy stone 
on ground, (Do) The sound was perceived also at the 
office of the Yamato Shinbun in the Kyobashi Ward. 

Loud sound (don), followed by the slight tremblings of the 
ground. (Observed at Zoshigaya.) At the Jiji Shinpo 
office, in Minami Nabe-cho (Kyobashi Ward), the sound 
was mistaken for that of a powder explosion. Mr. T. 
Kato, at Ryusenji-cho (Shitaya Ward), perceived the 
shock as a loud sound like that caused by the fall of a 
heavy body on ground, being the loudest he has ex- 
perienced in Tokyo. 

Slight sound (ton), like that of a small weight falling on the 
ground, followed a few seconds later by extremely feeble 
shakings. 

Loud sonnad like that caused by the fall of a heavy body on 
ground, accompanied by purely vertical shakings. (Felt 
at Zoshigaya.) Some people mistook the disturbance for 
the effect of a powder magazine explosion, 


| 
| 
i 
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Table Il. Tokyo Observation of the 


a er nEeuEEE EEEENNnEE UNE 


Ti f Duration | eA | Total 
1 5 | ce) ota 
Date. ets 4 Intensity. Ss i | Se nsible Dusation. Max. 2a. 
hm s sec. | sec. min. min, 
Feb, 22, 1907 9 56 22 PM if 7.8 20 0.16 
March 13, 5 0 38 33 AM I 7.3 65 0.46 
July 10, 1908%| 9 44 30PM I 88 15 0.19 
Sept. 10 | 8 41 21 P.M. it 7.0 | 40 | 0.26 
Sept. 25, 1909. u 53 O7 P.M I $M 41 | | 0.25 
Nov. I4% > AM Bbottat (eds6 40 
Sept 14, 1910.| 3 31 OS A.M I Files 40 1.20 
feb, 17, 1912-| 1 48 34am-) IT | 14.0 | De athe 0.60 
Deg, a dls » yy) Bing la. PM, ‘i 25.0 30 1.73 
March 10, 1913.| ] 4] 83P.M. ee alee au & 1 FU 
April 18, 1915. | \@idgepnepatsiels tie ef P20) 611087 | 0.85 
; 7 49 24 P.M I 8.6 AO 1.70 
Pa ee Oe stipeaibere eee eee 30 14 | 2.00 
Ante TEAL 411 Jou LE i 1082 | 15 1.00 
Aug. 28; 1916 0 42 55 AM 1 9.4 35 0.14 
can Gg Mg Seeas eee AAD or ei 120i (0.14 
Pee mes | [Oh eS ee 
June Ry 19¥9. 8 34 97 AM. | 
Dec. 5, 1920. 4 48 40 AM. kl | 9.6 | 60 10 1.20 
Fe. 14 198.| 000 37am| IT | 108 30 20 | 4.70 
| | | 
July 1, 1922. | J] 28 02 AM. LAO | 
wie . - | | 
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Earthquakes with the 


sits , , 


Position of 
Earthquake Origin. 


4l 


B-Type Sound. 1907-1922. 


Remarks: Accounts of the Author’s 
Personal Experience, 


Vicinity of Kasumiga-ura, | 


in N. part of Shimosa. | 


N. part of Shimosa. 


Do. 
Do. 


In Tokyo. Bay. 


Vicinity of Kasumiga-ura. | 


| 
E, coast of Kazusa. 


Off the coast of Hitachi. 


Off the S.E. coast of the | 
Kazusa-Awa peninsula. 


( 


Off the W. coast of the | 
same peninsula. 


| 


Off the E. coast of Kazusa | 


\ 


{ 
i 


A slight rushing sound, immediately followed by feeble but 
sharp tremblings. (Observed at Suido-cho, Koishikawa 
Ward.) 


Slight rushing sound, accompanied by tremors. (Do.) 

Feeble rushing sound, like that of wind, followed immediately 
after by very slight motion. (Do.) 

Rushing sound, like that of wind, followed by gentle 
shakings. (Lo) 

Rushing sound, followed after 1lsec. by slight motion. 
(Observed at Hitotsubashi, by Mr. H. Suzuki. ) 

Sound like that of violent wind, followed by slight motion. 
(Observed at Yanagi-cho, Koishikawa Ward, by Mr. H. 
Gen.) 

Rushing sound like that of wind. 
Koishikawa Ward.) 


Preceded by sound like that of a distant wagon passage. 


(Observed at Otsuka, 


Rushing sound, like that of wind. (Do.) 


Faint rushing sound, followed by tremors felt 1 sec. after. 
(Do.) 


Faint rushing sound. The motion was felt 2 sec. later on. 
(Observed at Mejiro, Koishikawa ward.) 


Do. 
S. part of Shimotsuke, 
S.E. coast of Kazusa, 


E. part of Kazusa. 


Central part of Kazusa., 


Vicinity of Mount Tsnka- 
ba, 70 km. to N. 
of Tokyo. 

Bowadat, of Hitachi, Shi-— 
mosa, and Shimotsuke, | 
70km, toN. 20°E. of Tokyo. 

Boundary of Kai and 
Sagami, 75 km. to 8. 51° 
W. of Tokyo. 


\ 
\ 


| 
| 


{ 


Rushing sound, like that due to the passage of a motor-car, 
accompanied by tremors, and followed by shakings 2 or 3 
see, later on. (Do.) 


Rushing sound, like that of wind, heard toward the E., 
followed 2 sec. after by quick vibrations. (VDo.) 


{ 
A 


Slight rushing sound, followed by horizontal shaking. 
| 


(Do.) 


Low rushing sound, somewhat like that of wind. The motion 


was felt 3 sec. later on. (Do.) 


Faint rushing sound, accompanied by 
The motion became distinct 12 sec. 
Zoshigaya ) 


Sound like that of wind blowing heard toward the N.E., 
accompauied simultaneously by shakings mixed with 
vertical motion. 

Rushing sound perceived at the commencement. The first 
vertical displacement was distinct and directed down- 
wards. 


doubtful shakings., 
after. (Observed at 


Sound like that of wind blowing perceived at the commence- 
ment. The first vertical displacement was downwards. 


A prolonged dull rushing sound, followed 3 sec. later by very 
slight motion. 


a 
| 
| 
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A-TYPE SOUND EARTHQUAKES. 


5. Intensity of A-type sound. The intensity of the A-type sound, 
which is perceived in the different parts of the city of Tokyo irrespective of 
the nature of soil, does not depend simply on the magnitude of the earthquake 
or the amplitude of motion. It often happens that a loud detonative sound of 
this type accompanies quite insignificant earth tremblings, forming a class of 
natural phenomenon well-known in Japan as “ meido” or “ jinari” (earth- 
sound). Below I mention a few cases of the pronounced A-type earthquake 
sound perceived in Tokyo. 

6. Earthquake of April 19, 1918, at 8. 20. 46 P.M. The sound, which 
was very loud and like the booming of a gun, was followed by slight move- 
ments for about 20 sec. According to the tromometer registers, the prelimi- 
nary tremor lasted 5.2 sec. and the principal portion lasted 25 sec., the total 
duration being about 3 min. The maximum motion was only 0.46 mm. 
Several people actually mistook this “ meido” for a powder magazine explo- 
sion. As the initial displacement of the earthquake motion was directed 
toward §.57°E. and accompanied by an upward motion, the origin of dis- 
turbance must have been situated in the central part of Musashi, some 35 km. 
to the N.57°W. of Tokyo. 

The vertical motion register at Hitotsubashi indicates, as 1s diagrammm atically 
illustrated in fig. 3, the maximum 
movements a,=0.055 mm. upwards. 


UL 2 and 2a/,=0.105 mm. downwards, 
) Nw while the 2a, was only 0.06 mm. 

D The register at Hongo also shows 
20; the max. upward displacement 


a,=0.066 mm. at the commence- 
Fig. 3. Diagrammatic Representation of the ment, the 2a being 0.09 mm. 

Vertical Motion of the Earthquake of ; 

April 19, 1918. (Hitotsubashi.) The actual seismograms are re- 
produced on Pl. V. 

In the horizontal components, the first displacement of the preliminary 
tremor was 0.06 mm., aud the maximum motion in the principal portion was 
2.8 mm. 

7, Earthquake of Dec. 29,1921, at11.06.50P.M. The “ meido,”’ which 
was one of the loudest experienced in Tokyo during the last 20 years or so, 
was perceived as such at the hilly hard ground portion (for example, Zoshi- 
gaya) as well as at the soft soil portion (for examples, Minami-Nabecho in the 
Kyobashi Ward, and Ryusenji-cho in the Shitaya Ward). Several persons 
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were alarmed at the sound and mistook it for a powder magazine explosion. 
The preliminary tremor lasted 5.5 sec., the very first horizontal displacement 
being directed towards the N.E., and accompanied by an upward motion. 
The earthquake was small. (max. 
hor. motion =0.87 mm.) and the 
principal portion lasted 16 sec., the 


22, 
e total duration being 2™ 4. The 
UW i Wa origin was in the N.E. part of 
D Musashi about 385 km. to the 
N.20°W. from Tokyo. 
Za; 


The initial displacement of the 


Fig. 4. Diagrammatic Representation of the vertical component, diagramumati- 
Ma ora Se ret ae cally illustrated in fig. 4, was a,= 
0.025 mm. upwards, while the 

maximum range of motion in the principal portion was 2a, =0.055 mm. (See 
Pl. V.) In each of the horizontal component tromometer with short time scale, 
the register consisted apparently of a single sudden movement, as is illustrated 
in fig. 5. Ina quicker time scale 
register, however, the motion 


bam hice s pb 4 ee was consisted of the preliminary 
ae tremor ps and the max. vibration 


at the commencement of the 
Fig. 5. Fig. 6. Se ele ; : : 
principal portion, as in fig, 6. 
According to the ordinary Gray-Ewing type seismograph with an open 


time scale, the movements were as follows :— 


Vertical Compt, - 1... ... «. .... T'=0.103 sec., 2a,=0.05 mm. 
HEWaCommiieeere eo ee TL HO.21 4 Ya = 0.024 5, 
Eo COnipt, ay i. ves. LO 22a, -2a,—0:0220,, 


8. Earthquake of Aug. 25, 1922, at 4. 45.35 AM. The present author, 
who was awoke at the time, perceived first a sound like that caused by the 
fall of a heavy body on the ground, accompanied by purely vertical shakings. 
After the preliminary tremor, 8.2 sec. in duration, the principal portion began 
with another similar sound, again accompanied by vertical movements, mixed 
with horizontal motion. The sound was indeed so distinct that some people 
supposed the disturbance to be the effect of a powder magazine explosion. 
The total duration of the earthquake was about 8 min., of which the sensible 
portion lasted 30 sec. According to the tromometer diagrams, the Ist 
horizontal displacement of the earthquake motion was 0.013 mm. and directed 
toward S.W.S., accompanied by an upward motion, This places the seismic 
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origin at the radial distance of about 60 km. to the N.EN. of Tokyo. In 
conformity with the characteristic of a sound earthquake belonging to the 
seismic region around the lake of 
Kasumiga-ura and Mount Tsukuba, 


2h, 
we the initial upward notion was quite 
large (a=0.105 mm.) and formed 
D the greatest amplitude in the whole 


vertical component. The maximum 
Fiz. 7. Diagrammatic Representation of the vertical motion near the commence- 
Vertical Motion of the Earthquake ment of the principal portion was 
of Aug. 25, 1922. 
9a=0.125 mm. (See fig. 15.) The 
maximum horizontal motion was about | mm. 

At the seismological station of Tsukuba (7=36°12’39°N., 1 = 140°6/36E..), 
this earthquake was first perceived as a loud noise, followed by vertical 
movements which caused the doors to rattle; the motion being moderately 
strong. According to the tromometer diagrams (magnification=120), the 
maximum motion was 0.25 mm. (E.W.) and the total duration was 5™ 308, 
and the duration of the preliminary tremor was 5.6 sec.; the first displacement 
being directed toward N.45°H. The origin was therefore situated at the 
radial distance of about 41 km. to the 8.43°W. of the town of Tsukuba. 

Combining the observation in Tokyo with that at Tsukuba, the 
epicentre may be fixed at ¢=36°5/N., 4=139°57'H., namely, at a point about 
47 km. to the N.E.N. of Tokyo, in the valley of the Kinu-gawa, near the 
boundary of the 8.W. part of Hitachi and the N.W. part of Shimosa. According 
to the method explained in the ‘‘ Seismological Notes,” No. 2, the focal depth 
is found to be 37 km. 

9. Earthquake of Oct. 4, 1918, 
oe at 11.56, 324M. The earthquake, 


20, which was felt in Tokyo with a 
u Hy | moderate strength, and whose preli- 
| hy M i minary tremor lasted 8.5 sec., 
D | originated in the S.E. part of 
4 | Kazusa. It was initiated by a loud 

0 


sound like that caused by the fall of 
Peay ree a heavy body on the ground, and ac- 
cordingly the vertical motion began 
Fig. 8. Diagrammatic Representation of the with a sudden displacement a,=0.13 

Ee Teed: are teks mm. downwards, followed by the 


counter motion of 2a/,=0.23 mm., 
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with the period of about 0.36 sec. The maximum motion in the principal 
portion was 2a,=0.35 mm. In the horizontal components, the first displace- 
ment of the preliminary tremor was quite small and only 0.0067 mm., directed 
toward the §.60°K. The maximum horizontal motion in the principal portion 
was 2.0mm. (See fig. 23.) 

10. Earthquake of Jan. 24, 1919, at 0. 26.07 P.M. The earthquake was 
accompanied by a loud sound like that of a heavy weight falling on the ground. 
The principal portion of the horizontal component was conyposed of well- 
defined vibrations of T=0.26 sec., mixed with traces of slower movements of 
T=0.55 sec., the max. 2a being 1.2 and 0.7 mm. respectively in the E.W. 
and the N.S. directions. The vertical component was, however, composed of 
the much quicker vibrations, of 'T=0.086 sec., max. 2a=0.044 mm., mixed 
with slow movements of T=0.5 sec. apprx.; there being also traces of ex- 
tremely minute vibrations (2a=0.007 mm.) of T=0.033 sec. apprx., cor- 
responding to the frequency of about 30 per sec. 

The vertical tromometer registers began with a well defined downward 
displacement a)= 0.125 mm., followed by the counter motion of 2a’,=0.2 mm.; 
the predominating period in the preliminary tremor being T=1.33 sec. In 
the principal portion, the max. motion was 2a,=0.237 mm. and the pre- 
dominating period was T=0.47 sec. Toward the end, the motion-had the 
periods of 1.4 sec. and of 0.7 sec. A careful examination of the diagrams 
shows that the vertical and the horizontal component movements began 
rigorously at the same time moment, (uamely, 13.5 sec. after a time cutting 
mark). Yet the horizontal component began with a motion far smaller 
than the corresponding vertical displacement, the initial disp!acements in the 
E.W. and the N.S. directions being respectively 0.009 mm. and 0.008 mm. 
On the other hand, the maximum motion in the principal portion of the 
horizontal components was much greater than that in the vertical. 


Vertical s | 
Component. E.W. Component. | N.S. Component. 
1st Displacement of ~ C 
Prel. Tremor. 0.125 mm. 0.009 mm. 0.008 mm. 
Max. Motion in the o¢ ‘ . 
Prine, Portion. 0.237 1.28 1.14 


Ee 


It is interesting that the vertical motion diagram at Hitotsubashi indicates 
the preliminary tremor much similar to that at Hongo. Thus the imitial 
motion was a downward displacement of ay =0.12mm., following by the counter 
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displacement of 2a/,=0.233 mm., the predominating period in the preliminary 
tremor being T'=1.3 sec. In the principal portion, the max. 2a was 0.33 
mm. and the predominating period was 0.64 sec. Later on there were well 
defined vibrations of T=0.87 sec. 


11, Earthquake of Aug. 21, 1916, at 11. 32. 50 P.M. The earthquake 
was moderately strong and was initiated by a loud rumbling sound, accompanied 
by quick vertical jerks which caused the pheasant in the neighbouring garden 
to crow. The preliminary tremor lasted 13.3 sec., the origin being in the 
vicinity of the town of Ota at the boundary of Hitachi and Shimotsuke. ‘The 
motion was sensible for 73 sec., the maximum horizontal motion being 4.3 mm. 

In the vertical component the 
first displacement was a)=0.34 


2h, 
2g! ih mim. downwards, followed by the 
us ‘ { mM i counter upward motion 2a/,=0.45 
D i 4 mm.; the vibration period being 
g 
0 


1.1 see. The max. motion in the 


Bhd 3 principal portion was 2a,=0.58 
ase 
Ferme 


mm. (period=1.1 sec.). From 
about 47 sec, after the commence- 
Fig, 9. Diagrammatic Representation of the ment there appeared large slow 

Vertical Motion of the Eqke. on : 
Aug. 21, 1916. movements : 2a=1.0 mm., period 

=4.1 sec. 

The first displacement in the horizontal component was 0.2 mm. directed 
toward N.28°E. The maximum vibration at the commencement of the 
principal portion was as follows: Ist displacement =4.0 mm., directed toward 


S 39°H.; Qnd displacement =4.3 mm., toward N. 40°W. 

12. Earthquake of May 19, 1915, at 5. 45. 27 A.M. The shock, which 
was felt in Tokyo with a moderate intensity and was sensible for 45 sec., was 
accompanied by a sound like that caused by the fall of a heavy body on 
the ground. The time, at which the sound was heard by me, was noted by my 
watch to be about 5. 45. 25 A.M., being sufficiently close to the time of 
commencement of the earthquake as indicated on the tromometer records. 
The pheasant in the neighbouring garden crowed 16 sec. after my perception 
of the sound. The preliminary tremor lasted 9.0 sec., and the origin was 
situated on the eastern coast of Kazusa, about 65. km..to the 5.55°H. of Tokyo. 
‘The vertical motion began with the downward maximum displacement of a= 
0.12mm., followed by the upward movement of 2a=0.13 mm. The 


maximum motion at the commencement of the principal portion was 2a,= 
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0.13mm. The vibration period was 0.52 sec. both at the commencement of 
the earthquake motion and in the principal portion. (See pls. VII. and VIII.) 


Diagramatic Representation of the Vertical Motion, Earthquakes 
on May 19, 1915. (Hongo.) 


Das £Q 2A. 
ie ? UL 20a, q 
Weems 
hk D 
és | 2, 
| i { 
fami a as eo 2== sa 
Fig. 10. Earthquake at 6. 03, 02 A. M. Fig. Il. Earthquake at 5. 45.27 A M. 


In the horizontal components, the first displacement was only 0.0063 mm. 
toward the §. and the 0.0089 mm. toward the E., with the resultant of 0.011 
mm. in the direction of $.55°. The maximum horizontal motion in the 
principal portion was 1.2mm. The earthquake was followed within 8 minutes 
by two unfelt after-shocks, at 5.49.26 A.M. and 5.53.33 A.M. respectively. 

13. Earthquake of May 19, 1915, at 6. 03.02 4.M. This slight earth-. 
quake was accompanied by a sort of rumbling sound, followed by sensible 
movements for about 30 sec.; being smaller than, but much similar in 
character to, the preceding earthquake. The preliminary tremor lasted 10.6 
sec,, and the first horizontal displacement was 0.008 mm. directed toward 
S.40°H., the origin being situated near the eastern coast of the Awa-Kazusa 
peninsula, on the boundary of the two provinces. The maximum horizontal 
motion in the principal portion was 0.49 mm. 

In the vertical component, the greatest displacement occurred at the 
commencement, : a,==0.18mm, directed downwards ; 2a,/=0.18mm. The 
max. 2a, in the principal portion was 0.15mm. (See pl. VIL) 

There was an unfelt small after-shock at 6.42.21 A.M. Previous to the 
main earthquake at 5. 45. 27 A.M., there were two small fore-shocks on the 
18th, at 2. 51. 35 and 6. 19. 21 P.M. respectively, of which the first was unfelt 
and the second slightly sensible. 

14. Earthquake of Aug. 2, 1914, at 8. 59. 27 P.M. While sitting 
quietly at my house in the Koishikawa district, I perceived a very faint single 
sound as that of a foot tread which I took to be an earthquake sound. After 5. 
seconds there were felt vertical shakings for a short time interval, the pheasant 
first then crowing two or three times. The preliminary tremor lasted 8.2 sec., 
and the first displacement was directed toward the SE. The maximum 
motion was 0.09mm., and the principal portion lasted 13.5 sec., the total 
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earthquake duration being 2 minutes, The origin was situated in the &. 
portion of Kazusa. | ' 
15. Earthquake of May 20, 1919, at 9. 45. 22 A.M. The earthquake 
began with a sound like that of a weight falling on the ground, followed by 
movements sensible for 15 see. The horizontal motion at the commencement 
was 0.002 mm. directed toward $.65°W., accompanied by an upward displace- 
ment. -The origin was to the S.W. of the lake of Kasumiga-ura. (See Pl. 
IX.) 
16. Earthquake of June 15, 1922, at 4. 07. 52 P.M. This was a small 
disturbance and was perceived as a very slight sound (ton) like that of a small 
weight falling on the ground. A few seconds later on extremely feeble 
shakings were felt for a short time interval. According to the tromometer 
diagrams, the vertical motion began with the maximum displacement 
(2a=0.02 mm.) at 4. 07. 52 P.M, while the tine of commencement of the 
horizontal motion was, according to the tromometer registers, practically 
identical, namely, 4. 07. 52} P.M. The time at which I have perceived the 
sound was at once noted by my chronometer watch and found to be 4. O07. 
521 p.m. The total earthquake duration was about 60 sec., and the duration 
of the preliminary tremor was 7.6 sec, The motion at the commencement of 
the horizontal component was very stall, being 2a=0.001 mm. The 
maximum motion of the principal portion, which occurred immediately after 
the termination of the preliminary tremor was as follows: Vert., 0.013 mm. ; 
E.W., 0.056 mm. ; N.S., 0.031 mm. (See Pl. XI.) - 


B-TYPE SOUND EARTHQUAKES. 


17. Earthquake of Aug. 7, 1915. at 10. 45. 12.A.M. There was first 
some rushing sound, like that of wind, heard toward the east, followed 
2, seconds later by quick vibrations. The earthquake was felt with a moderate 
intensity, and the maximum horizontal motion was 2.0 mm., the duration of 
the sensible portion being 80 sec. The origin was situated in the 8. part of 
Shimotsuke. . 

In the vertical component register, the first displacement was only 0.01 
mm,, while the maximum motion in the principal portion was 0.15 mm. 
(See Pl. XVII.) j 

18. Earthquake of Aug. 12, 1915, at 4.11.10 A.M. This was an earth- 
quake of moderate intensity, which began with a slight rushing sound, 
followed by horizontal shakings. The preliminary tremor lasted 10.0 sec., 
and the origin was situated near the 8. EK. coast of Nazusa. 


TOKYO OBSERVATION OF LOUD A-TYPE SOUND EARTHQUAKE. 


Earthquake of April 19, 1918, at 8.20. 46P.M, 


lence Commencement of Preliminary ‘Tremor. 


my » Principal Portion. 


Fig. 12. Vert. Component at Hitotsubashi. Macnifieation = 88. 
Gleks oe Successive Minute Mark. 


Fig. 13. Vert. Component at Hongo. Macnification =89, 
Time Scale: 1 minute=106 mm. 
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Fig. 14. N.S. Component at Hongo. Magnification =43. 
X......Time (Minute) Cuttine. 
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TOKYO (HONGO) OBSERVATION OF LOUD A-TYPE SOUND EARTHQUAKES: 
VERTICAL COMPONENT. 


Disses Commencement of Earthquake. 


Fig. 17. Earthquake of May 19, 1915, at 6.03.02 a.m. 


Maenification = 106. Time Scale: 1 minute=124 mm. 


Fig. 18. Earthquake at May 19, 1915, at 5.45.27 a.m. 


Maecnification =75, Time Scale: 1 minute=94 mm. 


VEER 


Plgav EL 


TOKYO (HONGO) OBSERVATION OF LOUD A-TYPE SOUND EARTHQUAKE. 


Fig. 19. Earthquake of May 19, 1915. at 6.03.02 a.m. Horizontal Component. 
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Maenification=154 (%X)...... Minute Cutting. 
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OBSERVATION OF VERTICAL MOTION. 


Piers Commencement of Preliminary Tremor. 


Saerne 5 » Principal Portion. (OS legacies Time (Minute) Cutting. 
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Fig. 20. Tokyo Observation of the Loud A-Type Sound Earthquake on May 20, 1919, 


at 9.45.22 a.m. Maecnification = 61. Hongo, 
to} oD 


Fig. 21. Tokyo Observation of the B-Type Sound Earthquake on June 1, 1919, 


at 8.34.27 a.m. Magnification =50. (Hongo.) 
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Fig. 22. Choshi Observation of the Earthquake on June 1, 1919, at 8.34.29 a.m. 


Magnification =95,. 
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TOKYO (HONGO) OBSERVATION OF EARTHQUAKE WITH LOUD A-TYPE SOUND: 
VERTICAL AND HORIZONTAL COMPONENTS. 


Fig. 23. Earthquake of Oct. 4, 1918, at 11.56.92 a.m. 


Magnification = 103. 


1 minute =124 mm. 


Time Scale: 
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Magfn.=112. Magfn.=11.4. 


(t) marks successive minute of time. 


TOKYO (HONGO) OBSERVATION OF EARTHQUAKE WITH A SLIGHT A-TYPE SOUND: 
VERTICAL AND HORIZONTAL COMPONENTS. 


Earthquake of June 15, 1922, at 4.07.52P. M. 


| Daas Commencement of Preliminary Tremor. 


Shee 33 » Principal Portion. 


Fig. 24. Vertical Component. Magnification = 95. 
tetas Time (Minute) Mark. 


Fig. 25. E.W. Component. Magnitication = 587. 
(<i Successive Time (Minute) Cutting. 
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Fig. 26. N.S. Component. Magnification = 540. 
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TOKYO (HONGO) OBSERVATION OF THE EARTHQUAKE OF AUG, 21, 1912, 
at 11.32.50 p.r. ACCOMPANIED BY A LOUD RUMBLING SOUND. 


Fig. 27. Vertical Component. Maenification = 32. 
1 asta Commencement of Preliminary Tremor. 


Time Scale: 1 minute=38 mm. 


Magnfn, = 24, 


Maenfn. = 28. 


Fig. 28. Horizontal Components. 


tb te a3, Successive Time (Minute) Mark 


TOKYO (HONGO) OBSERVATION OF THE EARTHQUAKES WITH NO SOUND: 
VERTICAL COMPONENT. 


Divo Commencement of Preliminary 'l'remor. 


Fig. 29. Harthquake of July 3, 1920, at 11.19.30 P.u. 
Magnification = 50. 


(x)......Successive Time (Minute) Cutting. 
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Fig. 30. Earthquake of Nov. 9, 1922, at 5.16.31 a.m. 
Magnification = 32. 
Tiss. Successive Time (Minute) Mark. 


(Exe ee 4; - - Cutting. 
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Fig. 31. 


...Commencement of Preliminary Tremor. 


,» Principal Portion. 
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In the vertical component, the first displacement was a,=0.043 mm., 
directed downwards ; while in the principal portion, the maximum motion 
was 0.15mm. In the horizontal component the first displacement of the 
preliminary tremor was 0.007 mm., while the maximum motion in the princi- 
pal portion was 1.0 mm. (See pl. XVI.) 

19. Earthquake of Aug. 28, 1916; 0.42.55 4.M. In the vertical com- 
ponent, the motion at the commencement was a small slow vibration, of 2a=,. 
0.0538 mm., T=3.0 sec. The maximum motion in the principal portion was 
eLypanm,.. (See pl. Xx VE) : 

20. Earthquake of July 1, 1922, at 11.28.02A.M. This extremely small 
shock, which I have felt while standing in the Seismological Institute by an 
open window at the N. W. corner of the building, was initiated by a prolonged 
dull, but distinct, rushing sound, heard toward the N.N.E., like that of a fairly 
brisk wind blowing. While I were wondering whether it was the report of 
the explosion of Mount Asama, there were perceived very slight gentle shakings 
of the floor and the window, some 38 sec. after the occurrence of the 


sound, 


MISCELLANEOUS REMARKS. 

21. Time interval between sound and shaking. The A-type sound 
marks strictly the commencement of the preliminary tremor and is followed at 
once by the tremblings of the ground. In some cases of the very slight 
shocks, however, the earth motion remained unfelé for a considerable time 
interval and consequently the sound preceded by several seconds the occurrence 


of well defiend movements, as in the following examples :— 


Interval between Sound and 


Earthquake (Intensity slight). Pict alludalin sa: avers eats 


Dent wllOs Succ wae Mot %. Pee Dawe. 1 P8e. 
Seite be eo La eaten ine poets: Un hes Se, 
March 5, ES Bigs Megan es Pane aPaey W 
Atte ke” by Sr EM a BE ce coh a ty ce” 
April 14, Wee | SO AE Loge RR O 


The B-type sound, which is not so abrupt in termination as the A-type 
one, often preceded by an appreciable time interval of 1 to 3 seconds the 
occurrence of the sensible movements in the preliminary tremor stage, as 


in the following cases :— 
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Data Earthquake Interval between Sound 
af Intensity and Sensible Tremors. 
Sep. 25, 1909. Slight. 1 sec. 
March 10, 1913. ee i 

April 18, 1915. * 2 

Aprile ls au, » For 3 

Aug. 7, 1915: Moderate. 2, 

Aug. 28, 1916. Slight. 3 


22. Duration of preliminary tremor. The majority of the earthquakes 
with the A-type sound had a preliminary tremor, whose duration varied 
between 5.5 sec. and 12.6 sec., with the mean of 8.8 sec., whether the sound 
was loud or feeble. In the case of the earthquakes with more or less prolonged 
rumbling sound, the duration of the preliminary tremor was generally a 
little longer and was 10.3 sec. on the average. (See Table IIT) 


Table IIT. 


Duration of the Preliminary Tremor of the A-type 
Earthquakes which were preceded by 


Loud Sound. (don or ton) Feeble Sound (ton). | a eat 
Ti sex, sec, sec, sec, set, 
5.5 (Very loud) &.6 GD 8.5 | fps 
5.6 (Very loud) 8.8 6.5 8.9 8.2 
5.6 8.8 6.7 9.0 | 10.4 
Tal 9.0 7.4 9.6 | 12.3 
7.6 9.0 8.0 L138 la 
7.9 9.4 8.2 1256) vas 
8.2 10.3 
8.2 10.6 
8.5 
Mean. 02 8.3 Mean...... 8.6 Nieanc sin 10.3 


The duration of the preliminary tremor of the B-type earthquakes, or 
those accompanied by a rushing sound, varied with two exceptions between 
7.0 sec. and 10.0 sec., with the mean of 9.0 sec., as follows :— 


7.0 sec. 8.9 sec. 25.4 sec. 

7.0 9.0 

1.3 9.0 

7.4 9.4 

ey, 9.6 

7.8 10.0. ; 
8.6 10.0 

8.6 10.8 

8.8 14.4 


Mean). ee 9.0 
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Thus there is no material difference in the duration of the preliminary 
tremor for the earthquakes with the A-type sound and for those with the 
B-type sound. The duration of the preliminary tremor was always under 
13.3 sec., which corresponds to the focal distance of about 98 km.; in the 
single exception the duration being 25.4 sec., with the corresponding radial 
distance of 188 km. The A-type sound was loudest in the two earthquakes 
whose preliminary tremor lasted 5.5 and 5,6 sec. respectively. It is evident 
that the sound is loudest at the epicentral district, as has been well illustrated 
in the “meido,” or “ jinari,” in 1899 at the neighbourhood of the hot 
spring place of Arima, (province of Setts). 

23. Note on earthquakes not accompanied by sound. Some of the 
earthquakes observed in Tokyo, which were not accompanied by sound, had 
the diagrammatic character of the A-type disturbance, the first vertical dis- 
placement being large and of a quite sudden occurrence. Two examples of 
the newest dates are given next. 

Earthquake of July 8, 1920, at 11.19.30 P.M. The earthquake, felt with 
a moderate intensity, began with a horizontal displacement of 0.05 mm. 
directed toward S. 25° E. accompanied with a well-defined upward motion of 
0.41 mm. The preliminary tremor lasted 16.2 sec., and the whole earthquake 
duration was minutes. The observations at the meteorological observatories 
of Mito and Choshi were as follows :— 


Time of Duration of 
Intensity. Occurrence. Prel. Tremor. 
Mito. Moderate. 11.19.35 P.M. 16.5 sec. 
Choshi. Unfelt. 11.19.42 _,, 24 Oe. 


The seismic origin was situated about 120 km. to the N. 25° W. of Tokyo, 
near the boundary of the two provinces of Shimotsuke and Kotske. 
(See fig. 34.) 


2 
4 | 
44a, 
| Fig. 33. Diagrammatic Representa- 
| tion of the Eqke. on VII 3, 
; 1920. 


PEG 
| (62 


The vertical motion was composed of slow movements (T = 1.7 sec., 
'T = 2.6 sec.), but began with a well-defined upward displacement of a = 
0.41 mm., followed by the downward motion of 2a,’ = 0.57mm. The principal 
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Fig. 34. Map showing the Location of Centres of the Earthquakes with 
the Loud A-type Sound perceived in Tokyo. 
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The date cf each earthquake is affixed to the triangle formed by the arcs drawn. 
about Tokyo (Seismological Institute), Mito, and Choshi as centres with the radii 
corresponding to the central distances. Each of the arrows indicate the direction of 
the first displacement in Tokyo for the earthquake concerned. (In the case of the eqke. 
on Aug. 25, 1922, the direction at Tsukuba is also given.) 

The earthquake on July 3, 1920 has been taken as an instance of a rather distant 
shock which was accompanied by no sound, but whose motion was of the character of 
an earthquake with the A-type sound. 
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Fig. 35. Map showing the Location of Centres of the Earthquakes observed at Choshi, each 
of which began with a well defined Vertical Motion. 
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The date of each earthquake is affixed to the triagle formed by the arcs drawn 
about Tokyo (Seism. Institute), Mito, and Choshi as centres with the radii corresponding 


to the central distances. 
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portion began with a downward motion of 2a = 0.55 mm., and the maximum 
motion of 2a, = 0.81 mm. occurred about 65 sec. after the commencement of 
the earthquake. j 

Earthquake of Nov. 9, 1922, at 5. 16. 31 A.M. This was a slight earth- 
quake, sensible for 18 sec. According to the tromometer registers, the 
preliminary tremor lasted 14 sec., the first displacement being directed toward 
the E. slightly N. and accompanied by a downward motion. The principal 
portion lasted 1 minute and the maximum horizontal motion was 1.4 mm., the 
total duration being 15 minutes. The seismic origin was situated about 100 
km. to the E. 4° N. of Tokyo, namely, off the coast of the town of Choshi. 
The vertical motion began with the downward displacement of a, = 0.021 
mm. The maximum motion in the subsequent portion was 2a, = 0.25 mm. 


Had the origins of the two earthquakes above mentioned been nearer 
to Tokyo, say, of radial distances under 70 km., there would have been in each 
case an A-type sound at the commencement of the earthquake motion. 


24, Distribution of the seismic origins. The geographical distribution 
of the origins of the different earthquakes was as follows :— 


ESI nS 


Location of Origin. | A-type Eqkes. | B-type Eqkes. 


(i) Awa-Kazusa Peninsula, especially its E., S.E., 


and S. coasts... 8 8 
(ii) Vicinity of Kasumiga-ura, N. part of Shimosa, | | 

and S. corner of Shimotsuke.... ... ... ... 10 6 
(iii) Sagami, Bay of Sagami, and vicinity of . 

HakOvee et cess aie ee ee ee 6 0 
(iv) W. and Central parts of Musashi, and Tokyo 


From the above classification it will be seen that the two sound types 
may accompany earthquakes originating from any of the different seismic 
regions around Tokyo. Again, earthquakes with sound originate from the 
hilly Tertiary regions of the Awa-Kazusa peninsula as well as from under 
the soft alluvium plain about the Kasumiga-ura. Hence it is evident that the 
nature of the surface ground at the epicentral region has nothing to do either 
with the production of the A-type earth-sound, or with the distinction of the 
sounds into the two types of (A) and (B) categories. 
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Table IV. 


accompaned by well-defined A-type Sound. 


The figures enclosed in brackets indicate the intensity, as ‘follows : 


......Slight ; 


TEA Moderate ; 


THB lese 


... Strong, 


{iva the coast 


y 
{35 the 


Time of Duration of Prel. Tremor. 
Date. Occurrence |- = SS 

(in Tokyo.) Tokyo. Choke Mito. 

a Dy ies sec. sec. sec. 
IV 14, 1915.*|1035544™M.} 8.8 (I) | 13.5(0){ — (1) 
Vv 19, ,, *| 545274M.| 9.0(II)| 8.9(0) 11.0 (1) 
pe ee 603 024M.| 9.9 (I) | 7.5(0) | 9.0 (1) 

Xl, , *113611P™.| 5.6 (I)| — be 
"XI 20, ,, * 04526 a.m.| 8.8 (1) | 10.4(0) | — (J) 
XH 11, 1916.4, 71150 P.M. 10.6 (I | 17.0(0) 10.0 (I) 
VIII 21, ,, */113250P.M. /13.3 (III) 12.2 (0) | 4.7 11D 
I 29,1917.*, 02518 P.M. )'8.2 (II) | 14.4(0) {18.0 (0) 

AG oe 205 06 P.M.| 6.5 (1) | 8.5 (0) oe 
Iv 9 ae 45647 4M. | 8.9 (I) | 10.2(0) | 7.0 (I) 

IV, 26,0445 0 09 36 P.M. | 6.7 (1) 8 as 
XI 5, ,, *1122574M.| 9.0(11)| 9.9(0) {14.0 (1) 
IV 19,1918,* 82046 P.M. | 5.2 (II) | 15.8 (0) |12.0 (0) 
“X 4, ,, * 1156324} 8.5 (III) 11.2(0) [120 (1) 
I 24,1919.%, 02607 P.M.| 7.0 (1T)| 8.6 (0) {10.0 (1) 
V 20, ,, * 94522a.M.| 9.4 (II) | 12.8(0) |12.0 (0) 
VII 3,1920.4.1119 P.M. |16.2 (II) | 24.0 (0) 116.5 (II) 
XII 29, 1921.* 1106 50 P.M. | 5.5 (I) | 14.6 (0) |11.0 (ID) 

VIII 25, 1922.*} 445 354M.) 8.2(1I)} — 


Ue 
i 
ie 
\ 
ee the W. of Kasu- 
=| 


Position of the Epicentres of the Earthquakes 


Ounreds Insensible ; 


LL 


Position of 


| Earthquake Origin. 


Vieinity o! of Kasumi- 
ga-ura, 65 km. to 8. 
55° E. of Tokyo. 


km.-to §.65°H) of 
Tokyo. 

E. coast of Kazusa, 
65 km. to 8. 72° E. of 
Tokyo. 

E. part of Sagami., 


fe part of Kazusa, 60 


8. E. part of Kazusa. 


of 
Kazusa, 
Boundary of Hita- 


92 km to N. 27° E. of 
Tokyo. 


fs and Shimotsuke, 


8. coast of 
Miura Penisula, 
Vicinity of Kasumi- 
ga-ura, 

Lo. 


W. part of Sagami. 
W. part of Msashi. 


N. Mo part of Msa- 
shi, + km, to N. 25° 
of Tokyo. 

N. oat of Kazusa, 48 
km. a S. €0° BE. of 


To "the SW. of Ka- 
sumiga-ura, 48 km. 
to N. 75° EH. of Tokyo. 


miga-ura. 

E. part of Kotsuke, 
117 km. to N. 26° W. 
of Tokyo. 

N.E. part of Msa- 
shi, 35 km. to N. 10° 
W. of Tokyo. 

N. part of Shimosa, 
47 km. to N.E.N. of 
Tokyo. 


| } 


* Very loud sound. 
+ Accompanied by no sound, but initiated by a distinct vertical motion, 
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Table V. Recent Tokyo Observation of Sensible Earthquakes 
unaccompanied by Audible Sound. 
reso ic 
A 10n Oo OTe 
Datel oeeurrence: of mque: Motion,  btel:| Duree Mar. 26.) 7 Rosita 1 diRe 
mor, 
SUBMARINE, IN THE VICINITY OF CHOSHI. 
hm s mm sec. | m. mm. 
V 22,1913. | 53600 a.m. Henke a Sn Sie Se pes og Wy | Due E. of Choshi. 
v29, , | 7123070. tes ee ee ALE 8 ‘ a3 8)" Set Chee 
(0.26 > 5. 11N. « ee BS 
I 8.1914.) 75400r0 03> Down, | 18 | 15 f 17 oy NE. of Choc, 
IV 25, 1915. | 21007 a.m. hoa 16 2.6 (H) Vicinity of Choshi. 
S.E. PART OF KAZUSA. 
IL 12,1914] 35850a0 SE, Down.| 78 10 | 06 | S.E. Part of Kazusa, 
x 9 siphon asso eas Reon | ome cet Eire | E Part oo hace 
VIIT 10, 1917) 324264. SE. Down. | 9.0 10 037 | : 
LV 18, 1918) 11 35 32.0.) S49°E. Down. | 8.7 | 15 0.70 z 
XII 15, 1913,| 11 02 35 aati Down. CO Nay ates | 110 | E. Coast of Kazusa, 
XI 8, i91¢|'3'04 06.0 | S5e He Down. | (64 | 25 1M oO eae ee 
IV 7,1918| 54508 a.m. S.E. Down. | 8.0 3 dV igeeil a [ 
II 12, 1919/11 27 47 a..| E.11°S. Down.| 7.9 | 5 | 0.4 — | N. Part of Kazusa. 
X 8,1916) 208514. S.23°E. Down. | 6.0 5 | 0.2 _W. part of Kazusa. 
126, 1912| 429 50ra| NW. Up. | 98 | 20 | 40 | E Coast of Awa 
V 31,1912) 930 11pm. N.28°W. Up. | 83 | 10. Slight. | N. Part of Awa 
X 16,1913] 91729am) NW. Up. | 96 Sal 040.2 | E. Coast of Kazusa. 
X 12,1914) 22854a.u| W.N.W. Up. | 92 | 10 | 0.23 | ee 
V 31, 1912.) 0 31 08 a.m.) N.W. Up. | 10.0 20 | 4.6 | Off the E. Coast of Awa. 
IE 10, 1914) 10523 a.m. S.40°E. Down. 118 | 15 18° | OftheSE. ,, 
IV 7,1919] 228 36am.) W.NW. Up. | 10.6 | 10 04 | OfftheN.E. , 


X 17,1917.) 303 42 a.m.| N.E. 


XI 6, 1917.} 240 10a.m.| N.33°E. Down. 


VICINITY OF TSUKUBA-SAN. 


Down. | 9.0 


8.9 


20 


5.5 
0.3 


icinity of Tsukuba- 
san, 


| Do. 
| 


ee 
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Table V. Recent Tokyo Observation of Sensible Earthquakes 
(Continued.) 


Date. 


Time of 


Occurrence, jof Eqke. Motion. 


unaccompanied by Audible Sound. 


Position of Eqke. 
Origin, 


ae Ne ee) ee ee SS ee 


IX 30, 1912. 


Ill 5, 1915. 
X 26, 1915. 


5G 8 er ee no ac 


X 18, 1912. 


X 19, 1912. 
III 29, 1914. 


X 8, 1914, 


TV 7; 191. 


IV 6, 1915. 
VI 6, 1917. 


TVeto? 1918: 


XII 5, 1912. 
LV ~ 4, 1915. 


VI 25, 1915. 
ViSe I SOL: 


VI 10, 1917. 
VI 25, 1915. 
VII 26, 1918. 
XII 20, 1920. 


ie 14, 1916. 


hm s 
9 34 22 p.m. 


3 11 39 P-m. 
10 55 02 p.m. 


9 04 06 P.M. 


8 02 45 p.m. 


7 23 48 p.m. 
217 02 a.m. 


10 38 28 a.m. 


6 26 50 a.m. 


SAGAMI AND W. 


3 39 49 a.m. 


1 28 45 ava! N.N.E. 


7, DOn De NN 


ura- | 
ay - tion of; Total 
a) = Ist Displt Prel. | Dura- Max. 2a. 
Tre- | tion. 
mor, 
VICINITY OF KASUMIGA-URA. 
sec, m. mm, 
N.75°E. Down. | 10.7| 10 0.89 
N.E, Down. | 11.3] 5 0.15 
S.39°W. Down. 6.7 2 0.08 
Nae) Dewn-| 86 | 10 3.0 
N. PART OF MUSASHI, ETC. 
N30°W. Down. 186) 15 |  — 
| 
S.E. Upan, ban ae 0.55 
S.nearly. Up. | 10.6 20 0.77 
SSE. Up. | 93| 9 0.85 
N.W. i AE Oe | 0,12 


i(To the S.E. of Kasu- 
|\ miga-ura. 
Hes the S.W. of Kasu- 


miga-ura. 

To the W. of Kasu- 
|\ miga-ura,. 

ifNear the N.W. shore 
\Lof Kasumiga-ura. 


Hae Part of Msashi 
Ue) 


| S. Part of Shimotske. 
{ Boundary of Musashi, 

} pomorsuke and Ko- 

| tsuke. 

_ N.W. Part of Musashi. 


> 


PART OF MUSASHLI. 


N.E. Up. a The legrOn 

Up. | 138| 20 | 0.18 

E.N.E. Up. 14.4 | 15 | 0.9 
| | 


OFF THE E. COAST OF 


2 33 02 a.m. 
10 5445 a.m. 


118 39 a.m. 
1 24 51 p.m. 


7 41 23 a.m. 
1 18 39 a.m. 
5 50 41 a.m. 


5 11 27 a.m. 


11 57 31 a.m. 


| NE. Part of Sagami. 


In the Sagami Bay. 


ie 


| 15.6 | 


N.E. Down. 12 0.2 
| 

W.53°S. Up. | 22.0} 30 0.4 

§.60°W. Up. | 144] 10 0.11 

N.E, Down. | 16. | _ 2.3 

N.E. Down. 15.6 | 20 ila 

§.60°W. Up. | 14.4 | al oe 

ENE. Down. | 245 30 5.0 

S.W, Up. | 19.5| 40 = 
| | 

$.33°—W. Up. | 19.1} 10 0.3 


THE MAIN ISLAND, ETC. 


| 

'fOf the coast of 
Hitachi. 

\(Oft the N.E. coast of 

ian Island. 


\fOf the coast of 

| Hitachi. 

| De. 

| Vicinity of Mito. 

(Off the coast of 
Hitachi. 

| Do. 

| Do. 


| Boundary of Hitachi 
and Iwaki. 
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Table VI. Observation of the Earthquakes, whose Motion at Choshi indicated 
well defined Vertical Vibration at the Commencement. 
errr nN Be I tt 
| | | Dura- | 
Take. fender: | ue ce | Pres eee Position of Eqke. Origin. 
| Tremor. 
; lone mm ics aie. - | *~ ~ gee. ~ . 
| Tokyo. _ | 5 50 ee A.M, | | ee 54 
J a ae | Choshi. 5 50 25 | ‘ee (oe Olf the coast of Hitachi. 
: | 
| Mito. 5 50 31 | 9.0 
: | Tokyo. 3 OO 4] A.M. Mt, (EE Btn | 
J ae ah — Choshi. = 3. 00.35 0 6.0. Do. 
_ Mito. | 3.00 38 Lot <8.04 
Tokyo. SS497 4a VIL) 1100 
se Choshi. 8 34 29 T 107 eee of Mount Tsu- 
_ Mito. 8 34 29, Til 7.0 
_ | Tokyo, | 8 1454aM.) I 9.7 | 
es Ne | Choshi. 8145] JT | 5,8 Tothe 8. of Kasumiga-ura, 
: Mito. 81453 I 7 0 
sie ay, | me (| 12054 18.0, 
u ; : : ; 35 km. to the E.E.N. of 
fo Choshi. | 1 2043 TA its Aide) Soe ae ‘ 
Mito. | 12047 | 
Tokyo. 4 wih A Sone R ~ k 2 a 
é Choshi. 1 2419 Li 4.4 Do. 
Mito. | 
Tokyo. & ce 
f Choshi. | 1 4726 To a Do. 
Mito. | 
Tokyo. | 65548PM., 0 | 9.6 
See Choshi. 6 5539 Tee aa) te S.E. of Kasumiga- 
Mito. 6 55 44 Lene 
fos | Tory, | 65886AM.| IIL | 17.0 
May 13, nS | Off the S.E. t of th 
1920, Meo 6 53 42 0 23. 5 | ‘Anya Keo iPete aioe 
Mito. 6 53 42 II 24.0 


* The intensity of motion of ordinary, or non-destructive, earthquake is indicated as 


follows: 


0, insensible ; I, slight ; Il, moderate ; ILI, strong. 


Seismographical Observations in Tokyo of the Earthquakes with Sound. 59 


Table VI. (Continued.) 


eS  ———————— 


Dura- | 
Tremor. 
oot | UR | 544 56 aM, Oa Re Sade een 
‘ 4 aoe : | | Submarine, e KH. 
poet 9s | Choshi. | 5 4440 0) 4.7 | Choshi. 
Tr) | Mit 5 44 49 0) 15.0 
1t0o, ee) | < | 
Sn Tokyo, | 433 36.A.M, O ris 
on” | Choshi. 43324 | QO - | Wie 
i carte ie 433 36 gy heen | 
s Tokyo. | 840274M.| I } 218 | 
ea | Choshi, = 8 40 14 VE | TES | Off the coast of Hitachi. 
nie Mito. | 84017 Pole | 140) 
Tokyo, /110490am.| 0 | 18.7 | 
aoe Choshi. 110415 ) 10.9 | Do 
. _ Mito. 111 04 16 he Lee re L5.0 
ee on aa 35612amM.) I | 233, 
AGB ve Cheshi. | 95 7i04 pao Oe ee 12-2) ve 
tm Mito. | 85616 ie Saye 
Tokyo, | 29740aM.) 0 | 15.0 | 
ee Choshi. 2.97.27 | On| 9.8 | Off the E. coast of Kazusa. 
= Mit. 9.9739 pe Oa el 4.0. | 
| Torys, «= Lo. 1s09pm.| 0 | 124 3 
ee Cae 10 1459 | I | 47 | are S.E. of Kasumiga- 
"| Mito. 101508 fe 4 AnRO | 
= —_— ——- r = at ——— he al = = 
| Tokyo. |. 33259PM.|.[.. | .7.1,| 
Mite Choshi. — 833.02 0) | 10.4. part of Shimosa, 
sacar ane Wee cere | 33258 heh 2 4h 29) Ou 
Jan. 14 Tokyo, | 20406PM. 0 | 126 To the S.E. of Kasumi 
: 0 the S.E. o sumiga- 
yaa” | Choshi |- 2.0353 Teche BBeke tes ee 


Mito. | 2.04. 08 Linville? 


ee 
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Table VII. 
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Observation of the Vertical Motion at Choshi. 


ay and 2a’, are respectively the 1st and 2nd displacements of the vibration at the com- 
mencement of the earthquake motion ; 2a, denotes the maximum range in the subsequent 
stage corresponding to the principal portion of the horizontal component. 


Date. 


Time of 
Occurrence. 


Duration 

of Preli- 
minary 

T'remor. 


Total 
Duration, as 


1st Vibration. 


ag 


/ 
Qa! 


[1st Vertical Displacement directed downwards. ] 


we 


ay 
3 


| 
| 


| 
| 
| 
| 
i} 
| 
| 


| 
| 


0.78% 
0.23% 
0.10% 
0.21 
0.08 
0.12 
0.01 


0.15 


0.03 


| 


mm. 


1.30 
0.20 
Ute: 
0.70 
0.10 
0,24 
0.03 
0.26 


[1st Vertical Displacement directed upwards. ] 


VII 10,1919., 12043AM. 4.4 
Sper ore eee os 
PR VEL on ul 

V 18,1920.) 653424M. | 93.5 

IX 5, ,, | 644¢404m) 47 

XIL 3, ,  840144M./ 118 

XII 8, ,, /1104154™.| 109 

I 10,1921. 35704AM. -19.9 

XII 2, | 22727AM.) 9.8 

VI 4,1919. 65539P.M. 5.8 

VI_9, , | §14514™] 53 

X 15,1920. 48324AM.) 5.7 

XII 26,1921. 101459PM.) 4.7 

I 4,1992. 33302PM.) 10.4 

I 14, ,, | 208353PM.| 5.8 


i 


ee ee 


— | Bo 
ole 


I 
\) 


0.04* 
0.15% 
0.02* 
0.02* 


0.038* 


2a, 


0.03 
0.25 
0.02 
| (Small). 
| 0.08 
0.04 


25. Observation at Choshi. An examination of the tromometer dia- 
grams obtained at the meteorological observatory of Choshi (g=35°44/11’’N., 
A=140°51/38’E.) also shows that the vertical motion there often begins with 


a prominent, and sometimes the maximum, displacement. 


The time of 


occurrence, the duration of the preliminary tremor, and the position of the 
epicentre for earthquakes of this sort are given in Table VI. As will be seen 
from Table VII, the vertical component of the earthquakes, with the preli- 


(*) marks the case in which the 1st displacement (aj) was greater than the amplitude (a) or 
even the range of motion (2a)) in the subsequent principal portion. 
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minary tremor of the duration under 6 seconds, began with the maximum 
vibration, whose first displacement ay, to be regarded as the single amplitude, 
was generally greater than the maximum range, or double amplitude (2a,), i 
the subsequent stage corresponding to the principal portion of the horizontal 
motion. Similar peculiarity is also the case with the sound earthquakes 
perceived in Tokyo, and is probably true of the observations in other places. 
The movements at the commencement of the preliminary phase is anyhow of 
the longitudinal wave, and it is quite natural that the vertical component 
should begin with a prominent, or the maximum, vibration, as the longitudinal 
motion ought to be vertical at the epicentral area. 

26. Distribution of seismic origins and the nature of focal disturbance. 
As explained in the Seismological Notes, No. 2 the recent earthquakes 
sensible in Tokyo originated chiefly in the following four seismic districts : 
(I), the Awa-Kazusa peninsula and the outside sea bottom ; (II), vicinity of 
Mount Tsukuba and the lake of Kasumiga-ura ; (III), the Hakone and Ashi- 
gara districts and the vicinity ; and (LV), a zone off the eastern coast of the 
Main Island. ‘he first three active regions are mutually continuous and 
form an unnular zone, 30 to 40 km. in width, and 30 to 75 km. radially 
distanct from Tokyo as centre. The semi-destructive earthquakes of Dec. 8, 
1921, and of April 26, 1922, took place respectively at the S.E. extremity of 
the region (I) and in the Uraga channel between the regions (1) and (IJ) ; 
these being localities on the seismic zone in question where the frequency is 
at present small and consequently favourable for the production of occasional 
strong earthquakes. No earthquake has taken place in recent years from the 
immediate vicinity of the city of Tokyo, (T), namely, the low Musashi plain 
and the Tokyo bay, included in a circle of radius of about 60 km., within the 
circular seismic zone I, II, and III. From this it may be suggested that the 
district (T) is different in dynamical respect from the whole or part of the 
surrounding districts (I), (I), and (II]). Of the latter the most active (1) 
district, continued to (III), is essentially mountainous and of the Tertiary 
formation, while (II), is composed partly of the Tertiary and granitic for- 
mations and partly of Quaternary formations. As will be seen from the 
descriptions in §§ 5-16 and from fig. 2, the A-type earthquakes and 
others of similar character with the initial wpward vertical displacement 
originated in and about the (11) district, while those with the initial downward 
vertical displacement criginated in and about the (I) district and its north-east 
continuation surrounding the (I]) district on the eastern side. 

For the sake of reference I give in Table V the results of the recent 
Tokyo observations relating to the sensible earthquakes not accompanied by 
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sound. As will be seen from Table VIII, in the majority of the shocks with 
origin in the Awa-Kazusa peninsula and the vicinity of Choshi, the initial 
motion was directed downwards, while in the cases of those with the origin in 
the N. and W. parts of Musashi and in the province of Sagami it was directed 
upwards. These facts accord in a measure with the results relating to the 
earthquakes with sound. The parallelism does not hold with respect to the 
shocks originating in the vicinity of Kasumiga-ura and Mt. Tsukuba. 


Table VIII. Tokyo Observations of Sensible Earthquakes without Sound: 
Duration of Preliminary Tremor. 
a . vey us Initial Vertical Motion Initial Vertical Motion 
Seismic Origin. | directed upwards. directed downwards. 
8.3 see 6.0 sec. 11.8 sec. 
9.2 CH 13 
9.6 7.8 15 
Awa-Kazusa peninsula, 9.6 | 7.9 15 
and the vicinity of 10.0 le OE 16 
Choshi. 10.6 2 
8.7 
9.0 
N. and W. Parts of ).2 12.0 sec. 13.6 
; . 3 13.8 
Musashi, and Sagami. 10.6 14.4 
Vicinity of Kasumiga-ura | 6.7 | 3 oe 
and Mt. Tsukuba. | 9.0 : 


To return to the earthquakes felt in Tokyo, which were accompanied by 
a well defined A-type sound, it may be remarked that the Awa-Kazusa seismic 
district (I) is essentially composed of the Tertiary formations, which is pro- 
bably still being elevated, or, if not in elevation, is being denuded. On the 
other hand, the Kwanto plains, namely, the seismic district (II) and the vicinity 
of Tokyo, are composed partly of the diluvial and partly of the alluvial for- 
mations, which latter is steadily increasing in amount, and causing an ever 
increasing pressure on and about the Tokyo bay. Consequently it seems 
natural, apart from the process of horizontal crustal disturbances, that the 
hilly Tertiary district (I) is subject to an upward stress, while the Kwanto 
plains are subject to a steady downward pressure. In other words, the two 
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regions under consideration are mutually opposite as regards the vertical 
tectonic disturbances at the seismic foci. The sharp initial vertical displace- 
ment at the origin directed upwards will correspond to the downward motion 
at the commencement of the earthquake motion at a place outside of the 
epicentral area, and vice versa.* The earthquakes accompanied by a loud 
A-type sound are probably caused by vertical tectonic disturbances, affecting 
a comparatively large area, 


* See the Seismological Notes, No, 2, page 20. 
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TOKYO OBSERVATION OF EARTHQUAKES ACCOMPANIED BY 


Dunes Commencement of Preliminary Tremor. 
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Fig. 36. Earthquake of Aug. 28, 1916, at 0.42.55 a.m. 


RUSHING SOUND. 
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Magnification = 22. Time Scale: 1 min, = 26mm. 


Fig. 37. Earthquake of Aug. 12, 1915, at 4.11.10 a.m. 
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Fig. 39. Horizontal Components. 
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CHOSHI OBSERVATION OF EARTHQUAKES WITH A WELL-DEFINED SHARP 
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Fig. 41. Earthquake of July 10, 1919, at 1.47.26 a.m. 


Fig. 42. Harthquake of July 30, 1918, at 3.00.35 a.m. 
Time Scale: 1 Min. = 112mm. 


Fig. 43. Earthquake of June 9, 1919, at 8.14.51 a.m. 
Time Seale: 1 Min, = 104. 
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Fig. 44. Choshi Observation of the Earthquake on July 10, 1919, 
at 1.20.43 A.M.: Vert. Component. 
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List of the After-shocks of the Great 
Kwanto Earthquake. 


By 


oy 


A. Imamura and K. Hasegawa. 


(Wathe Plates *i-TiT. ) 


In discussing the seismic activity of the Kwanto district,” one of 
the writers pointed out the primary necessity of distinguishing non- 
local destructive shocks from local destructive, or semi-destructive shocks. 
The distinguishing features of these shocks are as follows :— 

[A non-local destructive shock is accompanied, as was the case 
in the great earthquake of Sept. 1, 1923, by a topographical change 
consisting of an upheaval or subsidence of as much as a few meters 
at the most in the whole of the Kwanto district, thus causing there 
an extraordinary loss of life and property. 

A local destructive or semi-destructive shock produces formidable 
effects only within a limited area—say, a circle with a radius of less 
than 15 km., as was the case of the destructive Yedo earthquake of 
1855—the topographical changes produced being noticeable only by 
means of geodetic surveys. 

The same writer further pointed out that the seismic activities in 
the Kwanto district were usually brought about by a non-local destrue- 
tive earthquake which gave rise, for a number of years prior to its 
culmination, to many local destructive or semi-destructive shocks, besides 
causing slight and slow variations of land-level, until the cumulative 
activity suddenly reaches its culmination in a great earthquake, 
accompanied by sudden and extraordinary topographical changes with 
destruction on a vast scale. During the few years that follow adjust- 
ments for balance take place, causing many thousands of after-shocks 
until at last there arrives the dormant period of seismic activity which 
continues for a century or more. This might very well be called a 
cycle of seismic activity. Indeed the writer has recognized four such 
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especially in the southeastern part, where the intensity rather surpassed 
that of the main shock. 

From the same table, it is clear that the after-shocks that occurred 
on the first day originated mostly in district A, whilst those originating 
in district B took place, for the most-part, after the occurrence of no. 
12, namely, the great earthquake of the next day. This correlation is 
more clearly shown in Table II, in which four-hourly numbers of the 
after-shocks are given. All these earthquakes are limited to those 
which could be felt by our unaided senses at Tokyo, the intensities 
represented by the Roman numerals ITI, II or I corresponding to earth- 
quakes in which the double amplitude exceeded 3 mm., or was either 
greater than or less than 1 mm. respectively. The frequency of the 
shocks, or rather, earthquake sounds, which occurred in Tokyo and its 
environs attained its climax on the third day, but in general their 
occurrences were comparatively irregular. 

The frequency variation in each district may be studied more closely 
from Table III, in which 24-hourly numbers are given, beginning at 
noon on Sept. 1. According to Mr. Yasuda, the numbers of earthquakes 
felt at Tokyo during October and the three months following were 96, 
86, 189 and 167 respectively. The revival of seismic activity in the 
last two months was due to the occurrence of many minute local shocks 
in the northern part of Sagami in December, and to the after-shocks 
of the large earthquake of Jan. 15, 1924. Again, the number of shocks 
felt at Tokyo during the four months following the great earthquake 
and also in the years 1924-1927 were respectively 1044, 154, 68, 68 
and 65. These figures are a striking contrast to the number 116, which 
is the yearly mean frequency during the period from 1855 to 19215" aa 
possible suggestion that the Kwanto district is now rapidly approaching 
its dormant period of seismic activity. 
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List of the after-shocks of the great Kwanto earthquake. 
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Tokyo observation of the great earthquake and 


its principal after-shocks. 
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Four-hourly numbers of after-shocks felt at Tokyo. 
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List of the after-shocks of the great Kwanto earthquake. 


TaBlLE III. 


Daily numbers of after-shocks felt at Tokyo during the month 


following the great earthquake. 
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TABLE 


IV. 


following the great earthquake. 
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86 2129 8.7 1.0 HT 4 45 
87 5) Oi 0.2 I y 47 
88 27 04 0.2 Us Ue 48 
89 28 10 0.3 Y, 4 50 
90 29 07 0.2 u Y 51 
91 3 le eae eliza 3.0 il & 54 
92 34 33 9.9 0.3 if 4 55 
93 36 17 9.9 iti 10! 4 56 
94 37 (52 0.2 I Ui 
95 Bey ey 6.8 0.5 4 4 
96 44 07 0.2 4 ue 60 
97 45 33 9.3 0.4 i Gi 61 
98 49 48 12 II Gs 62 
99 54 04 0.5 i: D 63 
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List of the a‘ter-shocks of the great Kwanto earthquake. 


10.6 


3.0 


0.4 
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X=140° 20'.2 
Ge 40° 0'.5 
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76 A. Imamura and K. Hasegawa: 
Duration eed nS 
No Time ‘ot : range | § | Type Epicentre Remark 
occurrence ral pes Total (2a) = 
.| port. fia 
ih Snr s m m mm 
137 aN a 0.1 I A 
138 23525 0 3.0 Det: I Y 113 
139 $6 214) 72.0} RO 1 fae Eee Ho Seco, 114 
140 46 45 = I u 
141 ay Ge 3) 0.5 0.1 % 4 
142 a7 201 KS 0.1 ts 4 
143 04 2 0.4 G D 
144 11 19 0.5 y A 117 
145 13 55 0.7 Y D 
146 20 43 0.1 4 A 
147 32 56 = t Z 119 
148 34° 91 0.2 iv, Z 120 
149 88 41 0.1 y D 
150 39 62 0.1 2 A 
151 47 24 0.1 Y 4 
152 50 11 = y Y 
153 52 28 | 10.6 15 0.1 4 D 124 
154 59 32 0.1 v A 127 
155 18 00 22 0.2 y y 128 
156 Ol Ol 0.2 y Y 129 
157 13 36 1.2 0.2 y w 13 
158 18°63 0.1 eo D 136 
159 20 33 0.2 4 Y 137 
160 23.96 0.2 Y A 138 
161 31 4) 0.2 4 y 149 
162 42 24 Oat | 97, ree 145 
163 456 08 = Y 4 
164 49 14 = y 4 
165 54 03 0.1 ee Wy 150 
166 19-00 741 1.3 0.2 4 L 153 
167 04 18 1.0 0.3 Y 4 155 
163 05 57 0:2 # 4 156 
169 16 36 0.1 4 D 158 
170 21 59 0.1 G A 159 


bo 
oo 


09 


O1 


02 


03 


List of the after-shocks of the great Kwanto earthquake. 


8 
36 
dl 
36 
56 
18 
54 


16:2 


10.0 
9.0 


8.0 
11.0 
13.0 


1.0 
2.0 


0.2 
1.0 
0.7 
0.5 


mm 
2.0 2.6 II 
Ve I 
0.2 es 
0.2 f 
0.3 “si 
1.0 0.4 i 
0.2 Me 
1.2 0.2 ot 
0.1 te 
Ler 0.9 li 
0.1 eC 
0.1 We 
0.1 “i 
— 4 
2 03 | 7 
7.4 
9 \cr=8.0)| Mt 
— J 
0.1 fe 
0.2 a 
September 2. 
— i 
2.0 0.1 4 
0.1 u 
0.1 ue 
7.0 0.9 Yi 


1.0 0.4 4 


ORL Za 
0.1 4 
0.1 4 
2.8 

2.0 (T=2.0) II 
2.4 y 

ea (PSR) 

3.0 0.8 I 


Uraga Channel 


A=140° 05’ 

p= 30° 17’ 

Off Kamogawa 

Off Kuzyukuri- 
hama 


265 


267 


~I 
~I 


A. Imamura and K. Hasegawa: 


Boal etter ance 

ih ns 
207 0s A210 
208 38 33 
209 04 08 39 
210 13 50 
Dial 18 16 
212 20 43 
213 43 45 
214 0> 10 20 
215 14 40 
216 18 45 
217 06 09 O00 
218 12 10 
219 il (ON: 
220 SLL 
22 43 40 
222 0% 06° 49 
223 29 
224 Leos 
225 16 57 
226 50 34 
220 08 00 37 
228 09 08 45 
229 34 06 
230 10: 00 7.02 
231 13 385 
234 17 47 
233 11 05 00 
234 17 50 
239 38 30 
236 46 55 
237 54 41 
238 12 Os wel 
239 AG eli 
240 ey lee 


: = 
Duration Max. a 
Prel. |Prine. ‘et ® 
trem. | port. Total) (a) E 
s m m mm 

OFS if 

0.7 Up 

9.0 (OR 5.0 D7, Gt 
0.5 I 

0.6 Y 

0.7 2.0 0.2 4 

—_ 4 

OR Mb 

9.5 0.2 0.2 4 
03 Y 

04 id 

08 2.0 0.6 UA 

0.4 W 

0.1 4 

9.7 0.5 1.6 TE 
0.3 ey ORS I 

8.0 1.0 0.1 Y 
Ore 0.5 Ue 

0.1 Us 

6.4 0.5 0 2.9 II 
0.6 2.0 0.3 I 

ORT ut 

0.1 4 

9.1 1.0 7.0 1.0 II 
Or I 

== Y 

70 1 POs } P10 9 | y 

. ot . (T=2.23 

— 4 

— VA 

9 69.7 

16.2 | 4.0 ]100 |ipe'5'sy| IIT 
ORG: 0.9 I 

0.2 4 

0.1 a 

11.0 0.6 0.2 a 


Type Epicentre Remark 
B 
A 272 
A N. Kadusa 273 
& 274 
id 281 
B 282 
A 
d 288 
B 289 
C 292 
A 297 
f 298 
B 300 
4 301 
4 305 
A 309 
L 313 
fe 314 
A 316 
B N. Kaduza 319 
A 322 
“ 328 
B 
A Off Kisaradu 305 
4 340 
VA 
C 352 
A 
B s. 
“ Weage a | 883 
Zs 354 
A 367 
B 
y 378 


1d 


16 


Lig 


18 


1s, 


List of the after-shocks of the great 


7.4 
7.5 


7.0 


8.9 


9.9 


3.7? 
11.3 


6.5 


"0:3 


0.6 
0.3 


3.0 


0.5 
1.0 


10 
5.0 


4.0 


1.0 


1.5 


2.0 


mm 


Kwanto earthquake. 


4 


uM 


Central Sagami 


ae 00'.0 
D= BO oo a 
W. Awa 


N. Kadusa 


Ca. 32’.0 
p= 35° 27'.6 


ey 37'.5 
p= 30° 23'.8 


440 


19 


SO A. Imamura and K. Hasegawa: ~ 


Duration Ae 2 
No, ieee Pral (Pane range 5 |Type Epcientre Remark 
; 1 Total} (2a) re 
trem. | port. a 
lay saan | s m m mm. 
279 | 19 46 2 0.1 I 
280 51 40 Ded ieee he 
281 69 11 | 7.0 1.5 C2 ipere O ip 443 
282 | 20 02 17 01 | ” u 444 
283 04 31 Ogu Aah 445 
284 11 43 O37 Ee? ee 446 
285 17 29 0.8 Ol 7a eed: 
286 43 514 10,2 2.0 oft % B 451 
287 46 51 0.1 4 pe 
288 | 21 08 07 0.8 G2 % C 454 
289 25 16 O1 Ee) eB 
290 7 58 5 en ed Y 459 
291 31 22 0.2 | 7 C 450 
292 36 54 Go ARS OA. 461 
298°] 2209 29 |.17.0)| 25/30 | pain) Ti) (Xo 
294 53 44 0.5 0S hoa a Oat 468 
25°] 23 16 46 | 128 | @2 | 20. | quel] nt | GA | 
296 49 21 0.1 LAE 
September 3. 
297) 00 12 20 0.1 I hed A471 
298 37 06 a B 472 
299 51 50 | 8.9 02 1 18 473 
300 | 01 07 21 0.6 OF ae’ ae 474 
301 36 29 0.4 | 1.5 02 | 4 D 476 
392 58 41 Ot fr’ 4 
303 59 56 Ol ae See 
304 | 02 18 35 3 a2 | 7 1D 477 
305 1 48 821 ue 3 ot See 478 
806 27 53 ee 72 C 
307 2 53 0.4 ot [7 ae 479 
308 | 03 08 08 0.1 | 7” D 480 
309 16 21 Oly she Y 
310 21 45 | 05 0.2 | 7 y 481 


O7 


69 


{¢ 
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List of the after-shocks of the great Kwanto earthquake. 


9.5 


10.0 
5.0 


18.1 
7.3 
6.5 


m 


=.0 


ital 
0.3 


0.4 


m 


6.0 
2.0 


7.0 


14 


12 


mm 
0.2 


0.1 
0.2 
0.2 
0.1 
0.1 
0.4 
0.1 
0.1 
0.4 
0.1 
0.1 
0.1 
0.2 


Kuzyukurihama 


E. Kadusa 


Kk. Awa 


S. Simésa 


S.E. of Oosima 


W. Simésa 


Y 


Sl 


482 


483 
484 


Vol. type 


485 
486 


487 


492 


528 


82 A. Imamura and Kk. Hasegawa: 

Duration Max # 
No. Bae ae Pro Spee range | 8 Type Epicentre Remark 

| trem. port. Total) (2a) iE 
ym’ “4 S m m mm 
349 16927 519 0.1 I D 
350 40 12 Ont Ud i 532 
351 Lele = Ol Goa Ox6 LEG i A Of Yokosuka 533 
352 3) 62 0.1 I D 
353 38 51 8.0 | 0.4 | 4.0 0.2 4, B N. Kadusa 535 
354 53 18 0.3 OFZ w % 537 
355 iikcye PAO) ayy 6.5 3 1.0 0.4 is iw E. Kadusa 538 
356 23 53 7.8 | 0.6 1b 0.8 a . 539 
397 29 25 0.4 0.1 4 a 542 
308 36 13 3 0.1 gs D 
359 19 10 38 0.1 Y B 
360 43 55 0.2 0.1 4 D 519 
361 21 21 32 7.5 0.2 uw B 550 
362 49 32 0.1 Y, D 
863 59 46 0.1 4 B 
364 22/102) 28 0.2 0.1 U Hs 553 
365 iW lke} 0.1 Ue 
366 29 O4 ba Wee ae) 0.9 Ud A S.W. Musasi 50 
367 23100 902,97 1020 0.1 Ws z 556 
368 11 382 0,2 i D 
369 30 47 [101] 02] 40 |plpy| WH | A | W. Sagami 550 
370 46 22 0.1 I D 564 
371 2 12 | v5 | Oy | 50 eee Nee eee eee 565 
September 4 

372 00 47 05 0.1 I D 569 
373 O24 of 0.1 u B 570 
374 54 11 = 4 A 571 
375 Oso mos 0.1 4 D 
376 58 47 0.1 Me C 574 
377 02 08 0d — u A 
378 16 45 a f D 
319 45 52 0.1 a YA 5795 
380 46 17 — u A 576 


05 


06 


07 


08 


09 
11 


23 


List of the after-shocks of the great Kwanto earthquake. 


7.3 
9.6 


13.8 


7.5 


6.0 


m 


0.3 


0.1 


0.6 
0.5 


4.0 


3.0 
0.8 


0.2 


on 


2.5 


20 


3.0 


o 


Ss 


@ 


Se ES = ors 


Ce Ome pe On bos 


8 


S 


Central Kadusa 


A=142 4'.9 
P= 36° 00'.0 


(A=141° 41'.6 
pao Ome ome 
Near Kisaradu 


Central Simdé:a 


Central Sagami 


Central Kadusa 


580» 
581. 


ee) 


oY 


84 A. Imamura and K. Hasegawa: 
Duration Max. = 
No. Pee Pret! (Pane range | § |Type Epicentre Remark 
‘| Total 2a) = 
trem.] port. | 
September 5 
lm) 6 s m m mm 
418 00 25 03 i206 1.4 0.3 I A 649 
419 42 01 | 9.7468 | 5.0). Sooke ape ante 650 
420 Ole mee Oa Lew 0.1 G C 653 
491 02 02 40 6.2 W024 Wi! 0.7 K, D Central Musasi | 655 
499 26 25 0.4 | 3.0 0.1 y A 655 
423 41 40 1.5 0.4 i Us 650 
424 03 14 37 0.1 Y D 
425 16 06 5.0 WeZh5.0 0.6 te B Near Kisaradu | 663 
426 22 10 0.5 0.1 g 4 664 
427 Oo Wie 22 0.1 Uf D 
428 24 37 6.5 | 0.6 0.2 iw B 665 
429 34 15 0.1 A A 666 
430 07 20 18 8; 0.1 Le B 667 
431 ry WE ay 0 | 25 D3 II C Near Ootawara | 668 
432 09 18 16 0.1 ie et 
433 23 29° | 14.9 OL Gg A 
434 10 09 438 0.1 Me B 
439 11 46 39 0.1 i D 
436 Way 1h 2 0.1 (A u 
37 2) 16 0.1 F B 692 
438 14 25 15 2 0.1 A A 698 
439 15 27 49 Weil Ui B 
440 16 00 09 0.1 Uy A 
441 Ika; yf = Za @ 
442 52 3 0.2 0.1 7. th 70) 
448 ie AUY SH i. 1.0 0.4 a D W. Kadusa 707 
444 13°34 237 420 fe 15 0.4 u B S.W. of Katuura}| 709 
445 19° 23: 45 0.1 a D 713 
446 51 36 0.2 0.1 Za A 714 
447 20 13 02 | 13.7 | 1.5] 15 0.9 od B Off Kasima 715 
448 Dat Wee Sil — 4 D 
449 22 42 59 1.5 0.1 Z B 719 


ho 
to 


bo 
Si] 
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List of the after-shocks of the great Kwanto earthquake. 


11.8 


7.5 


9.8 
7.2 
8.4 
10.8 


9.3 
10.8 


0.2 


0.6 


0.8 
0.4 


September 


5.0 


1.2 


15 


15 


50 


20 


5.0 


3.0 
10 


0.2 


September 


5.0 
3.0 


0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 


i 


oe 


Ww 


Central Kadusa 


Near Sawara 


Suruga 


Centra] Sagami 


Central Kadusa 
KE. Kadusa 


Uraga Channel 
S.E. Kadusa 


747 
749 
700 


7o1 
Vol. type 


767 
768 
770 
772 
774 
CUE 


A. Imamura and K. Hasegawa: 


86 
Duration 2 
: Time of Max. | 2 ; 
No. | occurrence | Prel. |Princ, Total oe a | Type Epicentre Remark 
trem.| port. pa 
hm °s§ s m “m mm . 

484 08 03 05 0.1 if D 

485 09 «27 0.1 Uy, dA 

486 45 a8 0.1 4 Me 

487 LOMSS aos 0.1 4 a 789 
488 ils GUS PAR3 4.7 0.1 ORE Mg “ 791 
489 18 35 0.1 0.2 Z i 

490 12 59 14 2.0 0.1 Us A 796 
491 13160) 31s 0.1 se D 798 
492 15 50 41 0.2 O41 4 B 811 
493 WY sah aye 0.1 Y D 822 
494 17 55 05 0.2 0.1 if 183 828 
495 Tks lsh Pas} — ai D 839 
496 TS) OE As OF a Ul 831 
497 20 “3h 482 11.7 192.0 TES. 0.3 a A Uraga Channel | 832 
498 21 40 59 0.1 4 C 

499 22 Ao 42) 112] 1.0 7.0 0.3 Mi A N.E. Awa 835 
500 Fy BD IS 9.3 3.0 1/10 1.4 II iA Off Yokosuka 837 
501 46 46 7.4 0.8 3.0 0.5 au B N.E. Kadusa 838 
502 OZ le 0.1 0.2 Us D 839 
503 08 02 — Y Y 

September 8 

504 (OO) 30h 1 97 2.0 | 15 4.8 Ill B N.E. Kadusa 840 
505 22 48 2 I Ww 842 
506 Dimeo = iu, D 

507 52 12 0.1 4 a 844 
508 52 90 — y Ue 

509 02 06 20 Ss) 0.3 1.5 0.1 Ui A 845 
510 32 50 | 12.2] 60/40 |ip2y’p| IL] B | Off 8, Awa 846 
511 55 89 =. I Y 

512 06 39 07 0.1 Mf D 

618° 4/08 89.405 | 008 || 2.0100.) aes yet ME Reepeee @ 857 
514 42 46 0.1 4 D 

515 51 44 0.1 a B 


10 
11 


00 


Ol 


16 
17 


List of the after-shocks of the great Kwanto earthquake. 


12.0 


6.4 
5.5 
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0.3 
0.1 
1.5 
2.0 


0.4 
4.0 


1.0 


1.5 
0.8 
0.1 
0.1 
0.2 
1.0 
0.3 
0.4 


m 


6.0 


0.2 


September 9 


15 


15 
4.0 


7.0 


2.0 


2.0 
5.0 


0.1 
0.1 
0.1 
0.1 
0.2 
1.4 
0.2 
0.8 
0.1 


W. Kadusa 


Of— Katuura 
Off Katuura 


W. Simdsa 
N.W. Musasi 


Off E. Awa 


N.W. Kadusa 


Off S.E. coast 
of Bésd Pen. 
Off Kuzyu- 
kurihama 


N.E. Kadusa 


Central Kadusa 
W. Kadusa 


949 
959 


965 
966 
979 
982 


A. Imamura and k. Hasegawa: 


Epicentre 


Duration 2 
~~ | occurrence | Prel. |Prine. Total (Oa) = yp 

trem.| port. | 

I ey s m m mm. 

902 20 26 55 a I D 
553 21 56 33 0.1 My. ¢ 
554 22 ©5258 Date} 0.1 4 B 
555 Py NG PAY AD Iess) Of). Sie: A 

September 10 
556 02 O07 46 9.8 0.6 if A 
557 1106-156.) 5.0 $30 Oo} neg lati 
558 G3 (0293 0.1 J a 
559 04 04 59 4 D 
560 54 44 — ie Y 
561 likey Ma) EEE aU) es B 
562 C7 Sires 2, ie a 
563 08 36 36 — L D 
564 39 30 — a z 
565 09 14 23 0.2 0.1 ? B 
566 49 36 HS Y A 
567 Il 05 61 — iA “s 
568 ZI 23 0.1 “ <t 
569 | 12 41 50 0.1 s B 
570 13 00 45 ON 0.1 . D 
571 15 06 36 0.1 a A 
B72+ 1) 16 11 388 0.2 0.1 4 B 
573 17 42 16 — U Y 
574 19 23° "Ay — Gi D 
575 21 42 54 01 Us Z, 

September 11 
576 02 30 33 —- 1 D 
577 03 01 20 O17 7 4 
578 04 17 & 0.2 0.2 ms fi 
579 39 10 0.1 Ze C 
580 11 L026, Orb t - 270 Ons iw B 
581 13 54 0.3 0.1 S ue 


Remark 


986 


991 
992 
699 


1002 


1005 


612 
613 


02 
04 
06 
10 
11 
ile 
19 
23 


00 
01 


33 


15 
54 


List of the after-shocks of the great Kwanto earthquake. 


slg 
38 


7.0 


9.7 


9.3 


(ie! 


10.5 


9.6 


0.5 


1.6 


0.4 


0.5 
0.3 


m mm. 
0.1 I 
0.1 a 
3.0 0.2 ‘i 
0.1 4 


1.5 0.3 ia 
5.0 Hee II 
5.0 6.3 I 
3.0 0.2 it 


3. 0.2 wi 
Ol Z 
0.1 A 


September 12 


0.1 i 
0.1 & 


5.9 0.2 tM 


10 0.7 4 
{Oph z 
0.1 G 


6.0 0.8 ti 


September 13 


0.1 I 

2.0 0.5 ‘f 
0.1 a 

0.1 : 

0.1 GO 

== Y 

Y 

0.1 ii 

2.0 0.1 “f 


September 14 


0.1 I 
0.3 ge 
0.1 4 


Y 


Of Huttu 


N. Kadusa 


Central Kadusa 


Central Sagami 


S. Sagami 


Miura Pen. 


N. Kadusa 


N. Awa 


S. Kadusa 


1051 
1052 
1053 
1054 
1059 
1060 
1067 
10638 
1069 
1070 
1072 


1075 
1076 
1077 
1087 
1088 
1094 
1095 
1096 
1097 


| 1098 


1100 
1101 
1102 
1104 
1116 
1119 
1120 
1121 


1125 


90 A. Imamura and Kk, Hasegawa: 
Duration ate a 
No I 3 : range & |Type Epicentre Remark 
cecurrence | Prel. |Princ. Total] (a) = 
trem.| port. ta 
iy Enis s m m mm. 
614 02 33 ol 6.7 0.2 0.1 I B Near Inbanuma | 1126 
615 35 16 On Oa 4 18) 1127 
616 51 34 TOM OlS a ee2eO 0.1 U B Near Yatimata | 1128 
617 C3 Oe, 0.2 0.2 Y D 1129 
618 43 53 — 4 Ue 1131 
619 08 13 03 — “i us 1134 
620 10 26 43 od 4 1136 
621 15938 33 Ca abel OL) 2.6 II C | Near Usikunuma| 1141 
622 Pah ilire as) 1 it A 1144 
September 15 
628 00 46 22 — iL D 1147 
624 O27 S50 eee || Oye) ZkO 0.1 Ye G 1148 
625 41 55 8.7 1 1.0 ] 9.0 ales} Dali A W. Musasi 1150 
626 07 36 O4 0.1 if D 
627 11_31 14 9.0) 05 73.0 1,2 Hilt C W. Simdésa 1153 
628 13 C9 41 = I D 1156 
629 14 13 36 0.1 4 A 1157 
630 LOM SOT Thee | MEO) |) EW) 0.4 4 B | Near Tiba 1158 
631 16 34 55 (AON mulees 0.4 te C | Near Noda 1159 
632 17 85 46 — 4 D 1160 
633 18 38 CO Oy! sc Wf 1161 
634 22 51 50 0.2 0.1 Ud B 1163 
September 16 
635) 00°25 46 1125 | Ob 415.0 ‘G2 | a |B fe Bue 1165 
636 08 12 42 0,1 is D 1170 
637 Wap 2S) aus Ms |) (Ove TORO) 0.2 Ui B Near Sakura 1171 
638 18 04 22 5.5 1.0 — 4 D 1173 
639 20 41 35 1.0 - = Ye 1175 
September 17 
640 03 21 42 1102 | 04] 2.0 0.2 I B Off Kuzyu- 1177 
64] 04 59 36 | a y D | kurihama 


List of the after-shocks of the great Kwanto earthquake. 91 


mus s m m mm 
50 13 | 13.6 0.3 2.0 0.1 I A 1178 
14 10 —- g D 1180 
09 06 8.2 1.0 70 0.2 @ A E. Sagami 1181 
49 42 0.7 == A D 1182 
02 34 0.1 u A Off Manaduru 
40 44 | 61.4 | 2.0 aes) | IE | % | Near Hatidyo Is. | 1183 
02 45 — u D 1185 
04 34 0.1 “f es 1186 
18 14 0.2 3.0 0.1 th B 1188 
September 18 
28 28 O.2) | 2.0 0.1 J D : 1192 
28 5.2 0.3 3.0 0.1 fa PTS | 1193 
27 «4d 9.8 Osan) 0.4 Ys C Kasumigaura 1194 
Bio) aul Y D 
10 54 3.0 0.1 C A 1197 
ee Yai | 20' lieecO te eae 0 DD 1198 
September 19 
Sets | 5.0 2.0 OLS D 1199 
06 58 6.5 3.0 - @ A 1200 
11 40 63 i220) | Me D 1202 
28 40 Pree ae ot, A 1203 
43 41 6.0 0.3 | 2.0 a3) % D Central Musasi | 1204 
0s 14 8.9 0.8 5.0 4 # A N. Musasi 1206 
19 50 Shep ll KOMI |) Ps) 0.1 u D f 1208 
20 50 7.8 3.0 ORI Ge A 1213 
42 2 a a D 
08 43 — i B 1214 
Za 24 0.1 i D 1216 


September 20 


us V/ 8.3 0.8 5.0 0.1 I B Central Kadusa | 1217 
>) 


25 36 | I Oy |, a0 0.5 f G S. Kadusa 1219 
32 29 hod 

o9 53 | 38|03| 50} o1 | ” | A | Off Yokosuka | 122 
ap eae eT 4 0.64 FON O-1k yee oe 1993 


30 O04 8.8 | 1.0 | 4.0 0.2 Gs & 1227 


99 A. Imamura and K. Hasegawa: 


. l 
eel oe | Duration ane a | 
No. | occurrence | Prel. ee Total vO 2 Type | Epicentre Remark 
trem.| port. ree | 
September 21 
Jee Kage oS 8 m m mm 
674 05 43 40 7.0 Wey |) ANG 0.3 i B N. Kadusa 1234 
675 08 20 22 7.9 0.4 2.0 0.1 @ ? 1235 
676 22" 10 8.9 23 ele 0.9 i we N.W. Simosa 1236 
677 WHE BYE OR “= @ D 1239 
678 14 06 02 0.1 4 a 1242 
679 7) Oo week 6.7 0.4 3.0 0.2 4 B N. Kadusa 1244 
680 | 23 40 04 Oi 0.8 re 0.2 u te © 1248 
September 22 
681 06 O7 41 | | | 0.1 i D 1249 
682 07 43 46 0.2 | | 0.1 4 ag 1250 
683 | 18 36 41 | | Os Do ee ae a 
69471 15 52 2 | | Y shail oat D 1255 
635 | 17 12 38 [104] 06/30] o1 | ” | B | E. Kadusa 1256 
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List of the after-shocks of the great Kwanto earthquake. 
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Map showing the distribution of the origins of the earthquakes registered at Tokyo 
in Sept., 1928, and of the principal aftershocks of later occurrence. 
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(No. 25, Tab. I.) 
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(No. 27, Tab. I.) (No. 28, Tab. I.) 
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On the Change in Water Level of Rivers 
Observed on the Occasion of Great 
Earthquake, 1928. 


By 
Seiti Yamaguti, Rigakusi. 


The results of some investigations on the propagation of sea-waves 
caused by the Great Earthquake of 1923, along the Pacific coast of Japan 
was already reported by T. Terada and S. Yamaguti in the Report of 
the Earthquake Investigation Commitee No. 100 B (in Japanese). The 
present report may be regarded as a continuation of the above, dealing 
mainly with the sea-waves recorded at different river stations in the 
Kwant6 District. 

Immediately after the earthquake the tide-gauge records of the dif- 
ferent river stations were kindly placed at the disposal of the committee 
by the courtesy of the Department of Home Affair and also of the City 
of Tokyo. On examining these records, it was found that the sea-waves 
caused by the earthquake have imprinted their traces upon the fluvio- 
grams at different stations situated along the Rivers Arakawa and Naka- 
gawa of which the mouths open to the head of the Bay of Tokyo. As 
to the River Edogawa, only one station, Horie, showed some traces of 
waves while at the other two, Gyédtoku and Matudo, no conspicuous 
trace could be found so that we were obliged to put this river out 
of account in the later discussion on the mode of propagation of waves 
along the river course. 

Besides the trace of the sea-waves, the most remarkable feature of 
the fluviograms is that they reveal mostly some decided abrupt change 
in the mean water level before and after the earthquake, as will be seen 
from many of the records reproduced in Fig. 1.” 

The contents of the present report may therefore be conveniently 
divided into the three parts, i.e. (1) the abrupt change in water level 
recorded by fluviograph is compared with the change in the height of 


1) The records which are already reproduced in the R. E. I. C, 100 B, are here 
omitted: Sirahige, Huruisiba ete. 
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land above sea level derived from the results of the precise levelling 
surveys carried out by the Land Survey Department of the Imperial 
Army before and after the earthquake, and thence the absolute vertical 
change in height of the datum line used for reference in the levelling work, 
is estimated; (2) and (8) the rate of damping and the velocity of waves 
along the river course were determined for the three rivers Arakawa, 
Nakagawa and Tonegawa. The investigation thus far made is of a 
provisory character, but may be of some interest for seismologists as 
well as those concerned with geodetic works. 

Most of fluviographic records here examined are those obtained by 
the Department of Home Affair and some by the Authorities of the 
City of Tokyo as already mentioned. The data for the levelling survey 
are those obtained by the Land Survey Department. Theze materials 
were placed at my disposal by the kind intervention of Prof. T. Terada. 


I. Comparison of the Vertical Displacement obtained 
by the Levelling Survey with That derived 
from the Fluviograph Record. 


For the determination of the amount of difference between the mean 
water levels before and after the earthquake, we took the means of only 
one, or two days, preceding and succeeding the event respectively, as 
the effect of rain or other meteorological factors may enter into con- 
sideration if we take a longer interval of time. The method of calcula- 
tion adopted is as follows. 

The mean value of the heights of the level at the four tidal maxima 
and four minima preceding the noon of Sept. 1 was calculated which 
will be denoted by M;. Similarly, the corresponding mean value after 
the same epoch was obtained which we denote by Ma. Then, the dif- 
ference «= M,—M, was calculated for each station and plotted on the 
a—y diagram against the corresponding value of the vertical displace- 
ment y obtained by the levelling survey as ordinate, as shown in Fig. 
8. The value of y is the amount of the vertical displacement of the 
station interpolated from the result of the survey and referred to the 
datum line at Tokyo which is assumed fixed. The change was obtained 
from the difference between the results of the surveys carried out in the 
two epoch 1918 and 1926 and may therefore be partly due to a slow 
chronic crustal movement, or, in some cases, due to a very local distur- 
bance of the station, though we have many reasons to believe that a 
greater part of this change was completed at the time of the earthquake. 


On the Change in Water Level of Rivers. 97 


On the other hand, it will be noted that the value of x is the sudden 
change in the relative water level just at the time of the event. We 
cannot therefore expect a priori that x and y will show a perfect correla- 
tion. In the annexed Table” the values of x and y are given in which 
the positive values signify upheavel of the earth crust and the negative 
depressions. 
Taste I. 
Change of level, before and after the great 
earthquake on sept. 1, 1923. 


Stations Yy Ly Xe 
Kanaedu 80 a1 Bi 
Kawaziri 84 6 —61 
Itinobume 84 -9 —45 
Otasinden 91 ~45 —64 
Tydsi 97 —50 —20 
Usibori &8 —39 —24 
Ga 84 —45 —9 
Matudo 38 3 (—336) 
Horie —43 —182 —176 
Todabasi —123 —340 —270 
Iwabuti —110 —260 — 20) 
Senzyu —68 20 10 
Kosuge —119 —170 —150 
Sinyado —57 —272 — 236 
Kamihirai —140 —210 —180 
Komatukawa —179 —180 —170 
Tomabasi — 240 —82 
Sibaura +3 —227 —275 
Sirahigebasi —61 — 206 — 242 
Huruisiba —156 —197 


Though the points plotted in Fig. 3 show a considerable dispersion, 
it will be seen that they form apparently two groups, one including the 
stations in the vicinity of Tokyo and the other containing the stations 
along Tonegawa. The latter group shows a large positive value of y 
with a small negative value of x. This will suggest that the datum 


1) In this table the values of x obtained by the above method are under the 
column 22, 
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line assumed fixed has actually undergone a decided depression amount- 
ing to about 100 mm. 


y Fig. 33, 
= 260 
e 
AS FS) 
Komat ukawa 
e 
EL EFH 
Kamihirai e 
my BABS 
i ee Todabasi 
— 100 aay Ae es Kosuge Abi — 
Iwabuti 
oe pirahige 
=. = > he aes ia 
r. ie Sinyado 
Lg7T 
Horie 
0 2 - 
Sibaura 
10 
+50 — 200 -—300 mm. 


For a trial, the linear relation 


y=at+x 
was assumed and the constant a was determined by the method of least 


square. The result is 
a=115+14mm. 
where the number of points used is 17. 
Next, we took two maxima and minima, instead of four, of the 
water level before and after the earthquake for evaluating M, and M,, 
and thence z.” Using this value of x, the x—y diagram was plotted as 


1) This value of x is given in Table I as 2,. 
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shown in Fig. 4. Calculating a by the similar method, we obtain 
a=92+15mm. 


the number of points being 20. In this case the number of points is 
increased by 3, as the stations excluded in the former case on account 
of some defects of the records could now be utilized.” 

According to the result of the latest find reductions both from the 
data of levelling survey and those of the mareograms, carried out by the 
Land Survey Department,” the datum line is shown to have been depres- 
sed by 86mm., which agrees with our result at least in the order of 
magnitude. Thus, our present result, though of little value for deter- 
mining the exact amount of depression of the datum line, will be of 
some interest at least in illustrating the possibility of utilizing fluvio- 
graphic records for detecting the vertical displacement of land on the 
occasion of a great earthquake. 


II. Relation between Amplitude of Waves and 
Distance from the Mouth of River. 


Next, the relation was investigated which may hold between the 
distance of the station from the mouth of the river and the amplitudes 
of the sea-waves recorded at that station. For this purpose, the distance 
was approximately measured” from a suitable map and the amplitude 
was obtained by taking the mean value of the amplitudes of the first 
two conspicuous waves. The amplitude-distance diagram is shown in 
Fig. 5° in which the amplitude is given in mm. and the distance in 
km. The points for the three rivers Arakawa, Nakagawa and Tonegawa 
are respectively connected by curves. Referring to this Figure we may 
remark the following: 

Comparing Arakawa with Nakagawa we may observe a striking 
difference in the rate of damping of waves. That Arakawa shows such 
a small rate of decay may probably be due to the fact that this river 
is of a considerable depth up to the distance here concerned and at 


1) The three stations are: (1) Matudo where the effect of rain appeared remarkably 
on the second day after the earthquake; (2) Zikkenbasi, Honzy6 and (3) Huruisiba, 
Hukagawa where the records were defective. Referring to Fig. 4, Zikkenbasi shows an 
abnormal value of y which is probably due to a local disturbance of the benchmark. 

2) A diagram published by the department, May 1928. 

3) By means of a string applied along the river course depicted on the map. 

4) The two stations Zikkenbasi and Huruisi have been excluded in this case, as 
they are situated remote from the main river course, being in communication with it 
through system of narrow canals. 
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the same time its breadth is markedly narrowed upstream. 

On the other hand it is interesting to observe that the extrapolated 
amplitudes of waves for the mouth of Arakawa and Nakagawa respec- 
tively may give the same order of magnitude somewhat above 3800 mm. 

As for the river Tonegawa, we observe that the waves had been 
remarkably damped when they reached 30km., while at Tyé6si, i. e. just 
outside the mouth of the river, the amplitudes are recorded as about 
450mm. This may, however, be easily understood if we consider that 
the mouth of this river is markedly contracted and the lower part of 
the stream traversed by the waves before reaching the station Itinobume 
is mostly shallow and wide, besides being in communication with the 
Lake Kasumigaura. It is rather interesting, therefore, to observe that 
the waves have affected the stations at such distances at all. 


II. Velocity of Sea-waves in River. 


To investigate the mode of propagation of sea-waves up the river 
course, the time of beginning of waves at each station was estimated 
from the mareogram as marked by a short vertical line in Fig. 2. The 
time of arrival thus obtained is plotted as the ordinate against the cor- 
responding distance from the river mouth as the abscissa, as shown in 
Fig. 6. 

Taking at first all the points for the three rivers indiscriminately, 
we may draw a straight line passing the origin of coordinate, i.e, y= 
maz, by inspection. From the estimated value of m we may obtain an 
averaged gross value for the velocity of propagation, v. Thus, we obtained 


y=2.9 m.|s. 
Assuming, as is usual, 
v=Vghm 
where hm is the mean depth and g the accelration due to gravity, we 


obtain 
m==0.86 m. 


This value for the mean depth may appear too small considering that 
in the present case a maximum depth of 2 or 3 m. is allowable. 

In the above diagram, we have taken as the origin of time for the 
time of propagation along Tonegawa, that time at which the waves 
arrived at the river mouth. The latter time may be determined from 
the mareogram obtained at Tydsi’ and agrees well with the result of 


1) The mareogram is given in the previons report, loc. cit. 
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calculation based on the assumption that the waves propagated from 
the epicentre in the Bay of Sagami. In the cases of Arakawa and 
Nakagawa the origin of time was taken at the time of the earthquake. 
Taking the latter two rivers together, excluding Tonegawa, we may 
observe that the points plotted (marked by O and a) may be connected 
by a straight line the point z=0 and y=30 mm., whence we may deduce 
that the waves occurred at the river mouth about 30 minutes after the 
earthquake. According to Honda, Terada and others” the calculated 
period of secondary undulations of the Bay of Tokyo is 222 minutes, 
whence the time required for the waves in traversing the length of the 
bay is to be estimated at the order of magnitude of 111 minute. Thus, 
it appears that the waves propagated into the rivers cannot have been 
originated in the centre of Sagami Bay. On the other hand, the 
mareogram at Yokosuka shows that the waves commenced at the mouth 
of the Bay of Tokyo just at noon. Moreover, some of the fluviograms 
here reproduced makes us suspect that the disturbances commenced 
earlier than are here assumed. Leaving the time of origin of the waves 
a3 an open question, however, we may estimate the velocity of pro- 
pagation from the inclination of the straight line connecting the points 
for Arakawa and Nakagawa. Thus, we obtain 

v=4.1 m/s. 
whence 

eile sine 
which is plausible. 

On the other hand, the straight line connecting the three points 
(marked by 2) for Tonegawa shows an almost equal inclination to the 
coordinate axes as the line for the other two rivers above mentioned, but 
it cuts the time axis at about y=100 min. It appears, therefore, that 
either the waves have undergone a remarkable retardation in the lower 
stream or they were originated later than the main shock of the earthquake 
at 11 h 53m, for example by one of the numerous aftershocks. The 
question may, however, be left for a future investigation. 


In conclusion, I wish to express my best thanks to Prof. T. Terada 
for many useful suggestions given in the course of investigation. 


1) ‘‘Secondary Undulations of Oceanic Tides ‘‘ Journ. Coll. Sci., Tokyo Imp. Univ., 
24 (1906). 
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On the Fluctuation of Sea Level before and 
after the Great Kwanto Earthquake, 
1923—Effect of Cyclones. 


By 


vg 


Torahiko Terada and Seiti Yamaguti. 


Immediately after the great earthquake of Sept. 1, 1923, the present 
authors undertook the investigation of the tide gauge records obtained 
at Aburatubo Mareographic Station with the purpose of detecting any 
possible slow fluctuation in the sea level which may have been caused 
by some vertical movement of the earth crust.” For this purpose, the 
daily values of the sea level of this station for 1923 and 1924, kindly 
placed at our disposal by the Land Survey Department, were subjected 
to examination. For the comparison, the data for Hososima, Hanasaki 
and Wazima were also consulted. 

On plotting the daily values of the sea level as ordinates against 
the dates taken as abscissae, it appeared at first glance that the graph 
shows abnormally large fluctuation in two or three months following 
the earthquake.” We became, however, soon aware of the fact that the 
fluctuation of the daily mean barometric pressure in this region was also 
exceptionally large during the same epoch, so that no inference could 
be drawn as to the actual vertical movement of the earth crust, unless 
suitable corrections are applied to the observed values of the sea level, 
taking into account all the sensible meteorological effects. 

Among the different meteorological factors affecting the sea level, 
the barometric pressure and its gradient may be considered most impor- 
tant, especially when we are concerned with the interdiurnal fluctuations 
within a short period such as a month or two. The variation of tem- 
perature of the sea water may also cause a sensible influence on the 
height of the sea level, as was recently shown by Prof. T. Nomitsu and 


1) At the time when the present investigation was begun, we were still unware of 
the real existence of such a remarkable slow vertical movement of the earth crust as 
recently revealed by the results of the repeated postseismic levelling survey carried out 
in the Tango earthquake district. 

2) Dr. T. Tokuda also noticed this fact and carried out some investig itions. 
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Dr. M. Okamoto” with respect to the mean monthly values for different 
tide-gauge stations. Besides the annual variation, there exists a quasi- 
periodic fluctuation of sea water temperature with a periods of 4-5 
months in some part of the sea near our coast”, so that a slow variation 
of the sea level may be influenced considerably by these causes. 

Hence, in order that we may detect any actual vertical displacement 
of the local crust relative to the true mean sea level representing the 
geoid surface, the observed daily height must be corrected for the 
numerous disturbing factors. This is, indeed, a matter of considerable 
difficulty not only in practice but even in principle, as the meaning of 
the mean sea level and its relation to the geoid is still somewhat vague, 
especially when the problems are concerned with phenomena of short 
duration of time such as several days. For the present, we are obliged 
to be content with following the commonplace method of analysis by 
statistics of the specific influences of different assumed factors. 

As to the effects of the barometric pressure and its spatial gradient, 
a special investigation has already been made by the present authors and 
the results are published in the Japanese Journal of Astronomy and Geo- 
physics, Vol. 4, 1926, pp. 1-20. The theoretical barometer factor was 
there assumed and the mean annual effect of the gradient as a function 
of its magnitude and direction was deduced. This effect may in some 
extreme cases amount to 80-40mm. _ Besides, the effect of the general 
barometric situation of the Northern Pacific was studied provisionally 
which was found to be generally small, but could amount to some 50 
mm. in rare cases. 

As to the effect of the variation in density of the sea water, reliable 
data are scanty, especially as are needed here the daily values of the 
temperature and salinity. At the request of the authors, Prof. M. Tauti 
of the Imperial Japanese Fishery Institute, Toky6, kindly placed at our 
disposal the hydrographical data obtained at the four stations in the 
Prefecture of Miyazaki, i. e. Hososima, Miyanoura, Simanoura and 
Utimi. The data comprise the values of the temperature and salinity 
of the sea water at 0, 10 fathom and bottom respectively for the days 
of observation which are generally five in number for each month. 
Examining the data for the two years 1923 and 1924 it is found that, 
excepting the superficial layer, the range of the interdiurnal variation 


1) T. Nomitsu and M. Okamoto, Mem. Coll. Sci. Kyoto Imp. Univ., A. 10, No. 3 
(1927), 125. 
2) T. Terada, J. T. Liu and S. Yamaguti, Jap. J. Astr. Geophys,, 1 (1922), 47. 
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of the temperature within each month rarely amounts to 4°C. and that of 
the reduced density seldom to one promille. Though the observations 
are confined to the coastal stations only, we have no reason to expect 
that the variation will be greater than this in the sea off the coast. 
According to Prof. Nomitsu’s investigation above cited, the annual or 
intermensual range of variation in sea level due to the variation in the 
density of the sea water is of the order of 20-50cm. We can scarcely 
expect that the interdiurnal range within a month may ever attain this 
order of magnitude. 

In order to see, however, if there could be detected some sensible 
correlation between the daily variation of sea level and that of the water 
temperature thus observed, the points were plotted with the former, for 
Hososima, corrected for the pressure and its gradient, as abscissa and the 
latter as ordinate; for the temperature data, those for the different stations 
were respectively taken and also the temperature was compared not only 
with the sea level of the corresponding day, but also respectively with 
the levels on the days before and after it. The points thus plotted are, 
however, hopelessly scattered in the area of the diagram and no trace 
of sensible correlation could be suspected. 

We are, therefore, for the present at a loss to apply any systematic 
correction due to the density of the sea water, as we are concerned with 
the interdiurnal variation within a short epoch such as one or two 
months. According to Prof. Nomitsu’s result, the annual range of varia- 
tion due to the density is generally several times greater than that due 
to the barometric pressure. There are some reason to argue that the 
ratio of the two effects will be much different for the variation of shorter 
periods, as the effect of the barometric pressure is established rapidly, 
whereas the transfer of a large water mass may want a comparatively 
long time. We are, therefore, inclined to deny the possibility that the 
correction due to. the density may ever attain here a magnitude greater 
than that due to the pressure and gradient. 

Returning to our proper problem, our first task was to apply our 
assumed corrections due to the pressure and gradient to the daily values 
of the sea level for the four stations, Hososima, Aburatubo, Hanasaki 
and Wazima for 1928. For the first two stations, the data for 1924 
were also taken and similarly corrected for the sake of comparison. 
Comparing the graph showing the daily course of the height of sea 
level thus corrected with that of the value directly observed, it appears 
clearly that the correction thus introduced is scarcely possible to produce 
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any qualitative change in the general character of the curve. This will 
show that the assumed effect is utterly insufficient to explain the most 
remarkable fluctuation of the sea level as actually observed which may 
amount to 300 to 400mm. within one month. The cause of such a 
great variation must be sought in another quarter. 

To obtain some convenient measure of the degree of fluctuation of 
the sea level, we took the absolute value of the deviation, |AZ|, of the 
daily value from the mean of each month and calculated the sum or the 
mean value of this |AZ| for that month. The annual variation of this 
mean monthly value, |AZ|, is shown in Fig. 1. It will be seen that 
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|AL| for the two months following the Great Earthquake, for Hososima 


and Aburatubo, are somewhat 
large compared with the others 
which are generally less than 70 
mm. at most. 

Considering that the above 
assumed corrections are derived 
from the statistical means in 
which some specific influences 
of abnormal barometric conditions 
may have been effaced, and also 
taking the fact into account that 
the said anomalous months were 
frequented by conspicuous cy- 
clones, we proceeded to the follow- 
ing procedure, in order to see if 
this abnormal deviation could be 
explained by such a specific in- 
fluence of cyclone. Thus, the 
daily absolute value of the devi- 
ation, |Ab|, of the barometric 
pressure” from the monthly mean 
value was taken, of which the 
sum or mean value was calculated. 
Then, the ratio >)|AL|/> | Ad| 
was obtained for each month and 
graphically plotted in Fig. 2. 
Comparing Fig. 2 with Fig. 1, 
we may notice the followings. 
High values for IX and X, 1928, 
are still preserved in Fig. 2 and 
for Aburatubo, the maximum at 
IV in Fig. 1 has fallen into 
background in Fig. 2. At the 
same time, Wazima has revealed 
a large value at VIII which is 


1) For the barometric data, the following Meteorological Stations were taken: 


\AL| 
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sima for Hososima, Yokosuka for Aburatubo, Kusiro for Hanasaki, and Kanazawa for 


Wazima. 
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comparable with those for Hososima and Aburatubo. Hanasaki is reduced 
to very flat curve. Moreover, for 1924, both Aburatubo and Hososima 
show very conspicuous high value in VII, though as a matter of fact 
the pressure variation was abnormally small in this month. 


In Fig. 3 are shown the 
graphs for >) (AL)] >) (Ab)? for 
1923. Fig. 4 shows the com- 
parison of the values of the 
same quantity for Aburatubo 
in 1923 and 1924. 

Though the results thus 
far obtained are not yet con- 
clusive and a more systematic 
investigation is necessary in 
order to enable us to say any- 
thing definite, we may at least 
say that in October and pro- 
bably also in September of 1923 
the fluctuation of the sea level 
were unusually large and that 
such an anomaly is found also 
in another month of the next 
year apparently with no con- 
nection with a conspicuous 
phenomenon of the crust dis- 
turbance.” 

A plausible explanation of 
these abnormally large fluctua- 
tion in sea level may be sought 
partly in the fact that the 
amount of fluctuation of the 
barometric pressure over a 
wide area of the sea neighbour- 
ing the mareographic station 
may be considerably larger than 
at the land station of which 
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1) A rather conspicuous earthquake is recorded on July 1, which originated -off 
Hokkaid6é to ESE of Erimozaki, but there is nothing to distinguish this shock with the 
others of the same order which occurred in the other months of the year. 
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the barometric data are taken for the comparison. Such will be the case 
when. in a certain month a large number of conspicuous cyclones prefer 
the routes remote from the coast. In such a month, the fluctuation in 
pressure recorded will be comparatively small, while the general sea 
level of the region frequented by the cyclones may be sensibly affected 
and the fluctuation will be felt in the coastal mareographic records. To 
test this idea, the monthly distribution of the cyclonic tracks was 
examined referring to the Charts of the tracks given in the Monthly 
Bulletin of the Imperial Marine Observatory, Kébe, for the two years 
in question. The number, JN, of the tracks falling within an area, 125°- 
145°E. and 10°-50°N., was counted for each month. Among these tracks 
those ones were selected which passed along the Pacific coast of Japan 
within a zone with some 500km. of breadth; besides, those cyclones 
proceeding over land along the southern arc of the Islands were counted 
into the same group. The number of these particular tracks will be 
denoted by n. The values of N and m will be seen from Table I. 


TaBLE I. 


Month Poy il Prin iy. | Veli VEI VL) VOL EX exe (XT) XE 


eaten cks, Alb 4 esr Tile Se Tp We Sees ek ee 


Number of Tracks along 
Pac. Coast, 1. 


Ratio: Mn 3.0 | 2.2 | 4.0 | 2.4 | 3.0 | 3.3 | 5.5 | 10.0 | 5.5 | 13.0) 9.0 | 3.0 


12/11} 16/17] 21]18]11| 10 |11|13] 9 | 12 |}4993 


ee Number of Tracks, 


Number of Tracks along 
Pact Codatie 10} 9/12] 16/14/15/11] 10 | 8| 9 | 14 | 20 |h1994 


— ay 
Ratio: N/n 5.0 | 2.3 | 1.7 | 3.2 | 2.3 | 1.7 |11.0| 3.3. | 2.7 | 4.5 | 4.7 | 5.0 


There is, of course, same margin of ambiguity as to the value of 1, 
since it is difficult to put a well defined boundary of the zone above 
mentioned. The general aspect of the qualitative relation to be inferred 
later will, however, not be modified, even if some alternative choice be 
made in the ambiguous cases. Only in the case with n=1, it makes a 
considerable difference whether it may be changed into n=O or 2. 
Fortunately, in the present case no ambiguity was to be feared from this 
cause, except in VII, 1924. In this latter month, two tracks are recorded 
on the Pacific side, one of which took an abnormal course and proceeded 
towards NNW, i. e. nearly perpendicular to the Island Arc with a large 
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velocity of progression. Another track originated, or rather was branched 
from the above one, in the sea off the coast of Sikoku and took also an 
abnormal retrograde path towards W. In this case, n may be 0, 1 or 
2, according to ous choice. But n=2 will be evidently too much, as 
the time during which the centre of cyclone was situated within the 
effective zone considered is too short; meanwhile, n=O will be too small, 
as it will imply that there was no disturbance at all. By these reasons 


nm=1 was provisionally taken. N 
The ratio N/n was then eet oat 
Fig. 5. Aburatubo. 
calculated for each month, as ‘ rat ae elas 


x (Ab)? 


given in the same table, and 
plotted in Fig. 5 by the full 
line curve. For the comparison, 
the value of > (AL)/> (Ab)? 
from Fig. 4 is plotted by the 
dotted curve. A remarkable 
parallelism between the two 
curves will be evident.” Even 
if we take n=2” the maximum 
at July, 1924, will be still pre- 
served.” 

There is a probability that 
the value of N/n may be made 
to run more parallel to that of 
> (AL) > (Ab), if we would 
introduce some suitable modifica- 
tion in the area of the chart to 
be taken into account and also 
in the limit of the zone within 
which the track is considered to 
have a vote on n. Moreover, it 
will be probably more reasonable 
to take, instead of n as above 


1 If] Vv Vu 1X XI XU 


1) It is by chance that the two curves happened to show nearly similar trend, by 
using the same scale for the ordinates. But it may turn out to be of some physical 
significance and we reserve this point for a future investigation. 

2) The point for n=2 is marked by broken circle in Fig. 5. 

3) In this month, there was recorded an abnormal cyclone which described a loop 
near Loochoo Istes and loitered about for six days in the Chinese Sea. This may con- 
tribute considerably to the effective value of N and increase N/n, even if we take n=2. 
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defined, the total sum of the intervals of time during which the cyclonic 
centres were loitering about in the distinguished zone. For the present, 
however, we will be satisfied with the knowledge of the qualitative trend 
of the relation and inquire after the physical meaning of the result here 
obtained. 


Comparing Fig. 5, N/n curve, with AZ-curve in Fig. 1 or with 
> |AL|/>|Ab|-curve in Fig. 2, it will be seen that the parallelism is 
not so good as in the case of Fig. 5. This will imply firstly that the 
theoretical barometrical correction is not adequate, but has been taken too 
small. This will already be seen from the fact that in Fig. 2 the value 
of > |AL\/>'|Ab| is, on the average, of the order of 15 for Aburatubo, 
Hososima and Wazima, though it is less in the case of Hanasaki. This 
will mean. that the actual barometric factor is to be taken at more than 
twice the theoretical value, a fact which agrees well with the result which 
was obtained by Saem. Nakamura” and cited in our previous paper”. 

Secondly, it may be inferred that it is mainly the larger fluctuations 
in sea level which are governed by the very cause as is here considered, 
i. e. the influence due to the cyclonic tracks frequenting the remote part 
of the sea.” 


Thus far, we have arrived at the conclusion that the abnormally 
large fluctuations of the sea level here observed could be mainly explained 
by the effects of the cyclones which were raging on the sea so remote 
that they could not much affect the barometric pressure of the land 
stations. Our orginal aim to detect any real crustal movement which 
might have taken place, failed to be realized. Only, we have succeeded 
in disclosing, as a by-product, a new factor determining the fluctuation 
of sea level. Still, we are far from concluding that such a slow movement 
of the crust has not taken place. As already mentioned, the results of 


1) Jap. J. Astr. Geophys., 3 (1925), 115. 

2) Loc. cit., p. 2; there, we have given some discussion on the possible origin of 
the abnormal value of the barometer factor. It was supposed that the variation of pres- 
sure is in some measure correlated statistically with that of the gradient. The same 
remark may be repeated here. The fact, however, that the value of ©|AZ|/X|Ab| in 
Wazima on the Japan Sea coast is not sensibly small compared with the values in 
Pacific coast seems to show that the influence of the local wind due to the land effect, 
cited in the previous paper, is not very conspicuous. Then, the more important cause of 
the high value of the barometer factor may be sought in some correlation existing be- 
tween the local pressure and the general pressure distribution in the wide sea area which 
may be taken as zero level in considering the local fluctuation. 

3) The mechanism by which such an effect may he brought about is still obscure 
and will be reserved for a future study. 
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the precise levelling made after the Kwanté Earthquake as well as the 
Tango Earthquake have revealed some infallible traces of the gradual 
movement of the crust even within an interval of a few months. Besides, 
the recent investigations by Dr. Ishimoto with his ingenius apparatus 
for measuring the tilting of the crust has revealed that the change in 
the inclination of the crust amounting to a few seconds within an 
interval of the order of several ten days is by no means rare. The dif- 
ference in heights at the two ends of a line of 10km. length due to a 
tilting of 4’ is about 200mm. If the tilting observed is not a merely 
local one limited to a very small extent, we may naturally expect a real” 
vertical movement of this order of magnitude at least sometimes, at some 
parts on the entire coast line. 

On the other hand, we have some evidences” which seem to show 
that our earth is occasionally subjected to a change of considerable 
amount in its internal mass distribution such as to affect even its period 
of daily rotation about its axis. Admitting such be actually the case, 
it will be no wonder if some local portions of the crust may be execut- 
ing a slow pulsatory motion of the above said order of magnitude. It 
seems, Indeed, that we must abandon our traditional conception of terra 
firma and resume rather the idea expressed in the Japanese mythology 
as to the state of lands in its day of beginning.” 

At any rate, we must not forget that there exists yet no positive evidence 
which may disprove beyond doubt the possibility of such a slow pul- ° 
satory motion of the crust relative to the geoid, which is nothing more 
than an ideal mean equipotential surface derived from the meagre gra- 
vitational and geodetic data obtained under the tacit assumption of its 
perfect invariability. 

The present report may rather be regarded as an unsuccessful out- 
come of an attempt to detect this possible crustal disturbance, owing to the 
insufficiency of our knowledge regarding the influences of meteorological 
elements upon the sea level. A step towards the elucidation of these 
effect has, however, been taken. We may hope, some day will come 
when the suspected vertical movement, if any, may be disclosed by 


1) I. e. aganist the geoid. 

2) For example: W. de Sitter, ‘‘On the Rotation of the Earth and Astronomical 
Time,’”’ Nature, 121 (1928), Supplement, 99. See also: T. Terada and N. Miyabe,*‘‘ On 
a Long Period Fluctuation in Latitude of the Macroseismic Zone of the Earth,” Proc. 
Imp: Acad., 3 (1927), 275. 

3) See Koziki and Nihonsyoki. An analogy of snow floating on water is mentioned 
in a version quoted in the latter book. 
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means of the analysis of mareographic records, provided the necessary 
meteorological data may be available, over a wide extent of the ocean. 

A further investigation of the effect of cyclone on the sea level is 
now in progress in the line suggested by the result of the above pre- 
liminary study. 
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(The Imperial Japanese Military Land Survey.) 


Soon after the great earthquake of 1923, the Military Land Survey re- 
serveyed the precise levelling routes in the environs of Toky6 and along the 
coasts of the Bésé Peninsula and of Sagami Provinee. 

The result showed remarkable changes in the elevation of the land, and 
it was made clear that the re-survey should not be restricted to a narrow 
area. It was then decided to re-measure the whole Kwanté district, and, with 
an appropriate grant for the purpose, work was started at once. It is now 
eight years since the survey was begun; the field work was concluded in 
1927. Apart from its practical values, the results of the survey should 
provide important material for the study of surface movements of the earth. 
Several reports in the Japanese language have already been published in 
regard to the work, and the following is merely a resume of these reports. 


I. The Sagamino Base-Line. 


The Sagamino Base Line is in the K6éza District, one of the most devas- 
tated regions in Kanagawa Prefecture. Re-measurement of this line began 
early in May 1924 and lasted two months. The apparatus used in the work 
was 25-metre invar wires and tapes, the lengths of which were standardized 
both before and after field operations by comparison with the 25-metre base 
line of the Japanese Geodetic Commission at the Téky6 Astronomical Obser- 
vatory. The standardized lengths of the wires and tapes are as follows :— 


No. of wire and | Length at 15°C, un- : Ff . f . 
tape dara eight of 10 ke Mean error Coefficients of expansion 


In Inm mn. 


ro 6 
663 (Carpentier) 25-—0.01 +0.005 + 0.000000060 —0.00000000003 


665 , —0.95 x 0.007 | +0,000008060 —0.00000000003 
666 2 + 0.07 0.007 + 0.000000060 —— 0.00000000003 
12644 (Agar Bough) | —0.13 = 0.006 + 0.000000856 =—0.00000000209 
12645 # — 0.86 +£0.005 + 0.000000928 —0,00000000451 
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A small part of the base field is forest land, while the remainder is 
cultivated, so that the ground surface is fairly even. From a point in the 
middle the base-line was divided into a southern and a northern section. 
Both of these sections were measured in opposite directions, that is backward 
and forward, five times. The results obtained are tabulated below :— 


ee 


Southern half section Northern half section 


No. of wire and tape 


and forth messints | Residual | gna'forth meneints| Residual 

m mm muy m nm mm 

66S: ween Si eee 2610+ 94.12 +0.32 | 2600+188.17 ~0.27 
GOB ike a Oe 95.56 —1.12 189.54 ~1.64 
G66 Sree, eek. 0 92.39 +2.05 187.09 +0.81 
ie Ths eM Nidhi ns | 92.51 +£1.93 184.66 +3.24 
1861S ee 97.62 3.18 190.06 ~2.16 


m mim nm min Inm 


m 
Mean length 2610 + 94.44 0.664 2600 + 187.90 0.650 


_ mm mm 
Reduction to sea level ... — 32.62 : — 37.26 


™m min mint nin mm 


1 
Resultant length of base... 2610 + 61.82 + 0.664 2600+ 150.64 + 0.650 


mm mm 


Total Length of Base=5210+212.5+0.93. 

The errors given in the table are the probable errors arising from that 
of measurement only. Its ratio to the total base length is about 1/5600000. 

Assuming that p.e. arising from other sources, such as those in the 
standard base-line, measuring scales, alignment of the base-line, etc., to be 
independent, the p.e. of this base-line is 4.84 mm. and 1/1076000 of the 
total length. 

As shown in the following table, the Sagamino base was measured several 
times after its establishment. Comparing the new result with any one of the 
old, it is evident that this base had lengthened after the 1923 earthquake. 


Apparatus used Length of base-line Office in charge 


4 res il m mm mm a 
Spice dance 5210— 30.4+3.07 Military Land Survey 


100m. steel tapes | 5210+ 12.941.09 | Geodetic Commission 


25m. invar scales §210— 33.1+1.14 Geodetic Commission 
25m. invar scales 5210+ 212.5+0.93 Military Land Survey 


The Jength of the Guillaume apparatus which was used on the present 
occasion to determine the standard base-line, was examined in 1916. This 
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apparatus, however, was restandardized in 1926 by comparison with standard 
Length No. 20. 
The following is the value of Guillaume’s apparatus as determined in 
1916 and 1926. 
VL Ge toe vaccnre detox ste 5™ + 0™".0638 
BS PAG teen Bina ne, aera 5™ +4 0™™.0688 
If the value of Guillaume’s apparatus of 1926 were adopted, the length 
of Sagamino base would become longer by 5.2 mm. 


II. Primary Triangulation. 


Re-observations of the primary points were carried out over an area of 
about 17,000 sq. kms., enclosed by the lines connecting the principal points 
Manzirodake, Kenasiyama, Kokusidake, Déhirayama, Teruisiyama, Tukubasan 
and Rokudizé6, in the marginal regions of which the influence of the earth- 
quake was assumed to be almost nil (see plates I and II). 

The field work, which began early in May, 1924, continued until the 
middle of October, 1925. The horizontal angles were observed with a 27 cm. 
Carl Bamberg theodolite and all pointings were made to a heliograph or 
acetylene lamp. The old survey was made between the interval 1884-1899. 
The instruments used, and the methods of observation, in the old and the 
new surveys were identical. 

In appended tables I and II, adjusted angles, error of closure and sides 
- of each triangle are shown with the old and new compared. In appended 
table III and plate III, comparison of the new and old geographic positions of 
the primary points are made under the assumption, (1) that the geographic 
position of Teruisiyama and its azimuth to Tukubasan have not changed and, 
(2) that the geographic position of Kokusidake and its azimuth to Dohirayama 
have not changed. 

The following is a brief description of the precision of the old and new 
results :— 

1. Base net. 

Denoting the closing error of triangle and the number of triangles by w 
and n, respectively, then the mean error of a single angle is 


m= Ri Lea EA  enpiars 2 Ve eee old, 
on 


Fee COIN Ere rashes en eee new. 
on 
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Mean error of a ae i direction with unit weight is 


where [pé6] is the sum of the squares of the residuals derived from ‘adjust- 
ment, and r is the number of condition equations. 

Assuming the weight of observation to be 24.5, as it was generally 24 
or 25 in this survey, the mean error of a single angle is — 


2m," . 

Moe ay ee et) CORD ee ecaeens ate ease old, 
24.5 
2m" 5 

NES Pres ce) Od fe ecun pea cscs ane new. 
24.5 


Using m, and p, the weight of adjusted value, the precision of the last 
expanded side of the base net is 


m= = $19.7 (to seven places of logarithms) 
V p 


aa oh)". 846...00.¢s.c1ne becca old, 


a +31.4 (to seven places of logarithms) 
V p 


=F 0" 001 Li cadena aaateghee der eclcceeee new. 


Moreover, if the error of base line is taken into consideration, mean error of 
the last expanded side is 


Te OD Ol agentes ses Co SRF ae Sins 8 old, 
Pee AP Ee A Pees g's ag Saboe Dac Mohts 6 ea mesatteee oh new. 


And from which the mean error of the change of the last expanded side is 
0™.7, approximately. 

2. Principal point. 

Mean error of a single angle is 


ee {lol eT DG., nebenatsmecea tend tan tees old, 
30 


eet GS 2g: aeer eee eee new, 


and mean error of a single angle obtained by adjustment is 


ae | L289) le ee LeOORS ee ene wee old, 


era 11 Be ak, etc ae ee new. 
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Supplementary point. 


o 
. 


v0 
Mean error of a single angle is 


3n 


III. Secondary and Tertiary Triangulations. 


Although the Secondary and Tertiary triangulations were carried out 
only in the severely shocked regions, the area covered amounted to about 
8000 sq. km. (see plate I), 

The horizontal and vertical angles were observed by 21cm. and 14cm. 
Carl Bamberg theodolites. The mean closing error in the secondary triangu- 
lation is +17.380 and that in the Tertiary Triangulation + 2.38. 

Tables IV and V appended show the changes in positions of the secondary 
and tertiary trigonometrical points, assuming that the primary points Manziro- 
dake, Kenasiyama, Kokusidake, Ddéhirayama, Teruisiyama,: Tukubasan and 
Rokudizé6 have not change their positions during the periods before and after 
the 1923 earthquake. 

The changes in elevation of the trigonometrical points, which were 
obtained by trigonometrical levelling, are shown on Plate VII. 


IV. Precise Levelling. 


The re-observed route of the precise levelling is shown in Plates I and 
VII. Its total length is about 2,622kms. This work, which began at the 
end of Sept. of 1923, did not finish until the end of March, 1927. 

The observations were carried out chiefly with a Carl Zeiss No. III type 
level with plane mirror, and staves with invar bands. The backward direc- 
tion Measurement on each section was made with every possible care under 
different atmospheric conditions from those that prevailed during the forward 
measurements. On every 2km. section between successive bench-marks, in 
which the forward and backward measurements differed by more than 3 mm., 
the measurements were repeated until they came within the permissible 
difference. The error of the circuit closure was limited to 1™™.5)// K (in 
which K is the length of levelling circuit in kilometres). 

The methods used in the new survey in nowise differed from those used 
in the old survey made during 1884-1898. The instruments used in the old 
survey were Carl Bamberg levels and staves. 
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The change of Standard Datum for geodetic levelling was tested, (1) by 
comparing the heights of standard datum points above mean sea level both 
before and after the earthquake, and (2) by the result of precise levellings 
between standard datum point and bench marks situated in regions unaffected 
by the earthquake. In consequence of the results, the standard datum was 
corrected by —86 mm. 

Plates Nos. VI and VII give comparisons of old and new results derived 
by the same method of adjustment. Plates Nos. IV and V show the closing 
errors of levelling nets and mean errors per kilometre. 


Table I-— Comparison of angles and closing 


errors, new and old triangulation 


Base Net 
: Adjusted spherical angles | Differences | Closing errors 
- Point x ft 
Old | New New—Old Old New 
° , “ | “ “ “ “ 
Tobinoo Y. 2 Bil 30 54 09,962 | 12,382 + 2,420 
Zama M. fe TAL #Y 51 54 63,011 | 54,306 — 8,705) 4+ 1.118) — 1,199 
Simomizo M. T fm 4 97 10 47,132 | 53,418 + 6,286 
Nagatuda M. | #HERA 45 19 31,406 | 36,997; + 5,591 
Simomizo M. Fi AT 43 49 62,038 | 52,810 = 9,298) OC Leer an O:c46 
Zama M. BE RA 90 50 26,623 | 30,260 + 3,637 
Nagatuda M. Era 24 57 32,840 | 37,822 + 4,982 
Tobinoo Y. 2K 12 16 57,606 57,692 + 0,086} + 0,920] + 0,650 
Zama M. BE fa] af 142 45 29,634 | 24,566 — 5,068 
Nagatuda M. Estima 20 21 58,566 59,175 + 0,609 
Simomizo M. F yt #t 141 00 49,170 46,228 22.940 a 0.4201 en 2198 
Tobinoo Y. BAW 18 37 12,356 14,690 + 2,334 
Renkézi M. HESSEN 49 32 05,849 | 09,874 + 4,025 
Tobinoo Y. BEB ib 44 32 55,626 | 63,738 4) $1124 0,289'F 1. 0.340 
Nagatuda M. S23 Pf 85 54 59,011 46,875 aioe 
Renkézi M. HST AT 29 20 02,653 | 01,068 — -1,585 
Sengen Y. Be fal. 1 14 25 58,507 | 55,280 + 1,773) 15280 , 4s 0.423 
Nagatuda M. are. gt oy 136 14 04,451, 04,263;  — 0,188 
Sengen Y. 22 TT 18 48 52,475 | 65,122 |)> + 2,647 
Renkozi M. SH Ay 20 12 03,196 | (8,806 | ee GIO eens TSO aoe OL 000 
Tobinoo Y. Beau 140 58 64,943 56,687 — 8,256 
Tanzawa Y. Je YE 83 32 26,450 | oo C1 Sis eg ,052 
Sengen Y. 7% 60 47 41,183 34,907 =) 6,276) 0. 71t ) "1200, 956 
Renkézi M. HOSEA 35 39 54,143 64,350 + 10,207 | 
Kano Z. Bi BF iu | 35 48 14,234 | 13,878 — 0,356 
Renkézi M. pS AT 69 07 24,371 | 14,351 = 1002015 2. 7,333) 8 1.370 
Sengen Y. 32 BI AF 75 04 26,747 | 37,122 + 10,375 
Kano Z. Be EF 24 21 35,601 33,460 =) 2141 
Renkézi M. SHES AT 104 47 18,514 18,701 + 0,187 1) ©) 1.078) 410,796 
Tanzawa Y. | J+ Zw 50 51 10,749 | 12,703 + 1,954 
Kand Z. Ke EP uy 11 26 38,633 | 40,418 sot 15785 
Tanzawa Y. Fr #2 32 41.15,701 | 69,815 =) 6, 8861) 1 700) = 1.210 
Sengen Y. = TA ws 135 52 67,930 12,029 + 4,099 | 
Sengen Y. 2 in | 33:14 45,982 | 50,402 + 4,420 
Nagatuda M. Feet May 50 19 05,440 _ 17,388 + 11,948; — 0,095| — 0.619 
Tobinoo Y. Bi | 96 25 69,317 | 52,949 — 16,368 
é ee Ae ’ [wo] id . 

Mean error of a single angle (— ff 7 'h & Mm H)= m= — Sn = + 0,605; + 0,598 


bo 


plable sl, Comparison of angles and closing errors, new and old 


triangulation —— contd. 


Principal Point 


Adjusted spherical — 
angle 


Differece Closing errors 


Point 


2 


New New—Old New 


“ “ “wt 


90 30 80,282 10,092 4 1,810 
39 50 09,616 13,229 3,613 
47 39 49,072 43,649 28 


? 


| 
t 


Tokyo. 
Tanzawa Y. 
Kano Z. 


Dohira Y. 
Tanzawa Y. 
| Tokyo. 


nN 
‘ 


Hes 


54 49 17,902 | 13,041 
66 11 26,616 28,502 
58 59 23,205 26,180 


4,861 
1,886 
2,975 


a 


73 Ee 
++ 


Kokusi D. [ 
Tanzawa Y. 
Dohira Y. 


i—| 


64 32 32,493 32,381 
40 56 10,575 05,211 
74 31 23,122 28,599 


0,112 
5,364 
5,477 


tae Ce Te 


Kenasi Y. 
Tazawa Y. 
Kokusi D. [ 


5,750 
5,151 
0,598 


ioe Spal 


66 03 59,528 65,278 
58 00 57,797 52,646 
55 55 10,425 | 09,827 


SHR BRS 


ee dt 
= 


Manziro D. 
Tanzawa Y. 
Kenasi Y. 


Bodai S. 
Tanzawa Y. 
Manziro D. 


46 39 04,499 08,391 
71 12 36,138 39,144 
62 08 28,897 21,997 


3,892 
3,006 
6,900 


l++ 


54 16 09,860 1,837 
57 06 37,041 38,556 
68 87 24,890 31,400 


8,023 
1,515 
6,510 


Seid RSS 
BESS MES. Feo Hels ew 


++I 


| Kano Z. 
Tanzawa Y. 
Bodai S. 


82 07 48,818 48,379 
26 41 62,217 62,712 
71 10 15,881 15,825 


0,439 
0,495 
0,056 


+H 
ae 


72 16,008 | 22,565 
37 12,762 11,896 
70 34,862 29,171 


| Rokudizé. 
Toky6 
Kano Z. 


Tukuba S. 
Tokyo. 
Rokudizo. 


6,557 
0,866 
5,691 


& 
Ee 
Istbar 


AG 


04,570 05,028 
06,293 | 05,497 
57,822 58,159 


+1SaS Be DER BAW ew 
i 


& 
+1+ 


Teruisi Y, 
Tokys. 
Tukuba S. 


16,965 16,930 
51,876 50,385 
58,610 60,136 


Sat Hl 
He O 


Dohira Y. 
) Tokyo 
Teruisi Y. 


27,432 29,404 
17,583 15,949 
24,243 23,905 


is a mec oa 


Teruisi Y. 
Dohira Y. 
Tokyo. 

Tukuba S. 


41,208 40,835 
27,432 29,404 
09,458 
58,610 


Sais ea 
ee mM 


Mean error of a single angle (— ff 7 1 42 RB #) =m= . 5 


Table I. 


Comparison of angles and closing errors, new and old 


triangulation —— contd. 


Supplementary points 


; ee ee Differences | Closing errors 
Point 7 a angle | 
| Old ‘New New—Old | old New 
| ° , w” “” ” dd w" 

Takane. Bo 120 08 00,93 | 05,48 4+ 4,55 
Dohira Y. aur ZB aly 3471342° 91 39,13 = Sua eo oil + 1,84 
Tanzawa Y. AYE 25 38 19,35 | 17,88 | a: 1747 
Takane. wm ri a Hf oan 01.03 01,18 — 5,85 
Tanzawa Y. +B i | 29 32 05,96 10,88 + 4 OR Wad O.S74M pa ae 09 
Renkézi M. ah Kp Ay 2 51 48,57 49,50 a 0.93 
Kumotori Y. 2 IK 1 134 40 37,778 | 38,09 + 0,31 | 
Kokusi D. [[ Yd fii 41 31 48 57,80 58,36 + 0,56) pi — 1,02) en 3.69 
Tanzawa Y. FT} FE iu 13 30 26,17 25,31 — 0,86 
Kumotori Y. #2 mm Wy 52 23 14,39 11,51 = Y.BS 
Tanzawa Y. Ft #2 hh 53 03 63,76 57,79 — 5,97 | — 0,44 + 3,92 
Takane. BS #8 74 32 45,49 54,34 + 8,85 
Kumotori Y. se 7 jl 49 24 47,97 52,36 + 4,39 
Takane. Bh HL 45 35 15,44 11,14 74:30] ae 1 Ao yee Te 
Dohira Y. ae 7B ly 84 59 58.67 58,58 — 0,09 
Kumotori Y. 42 1 I 123 31 19,86 18,04 2462 
Dohira Y. ame ZS Ly 23 45 06,66 | 09,15 4s AG Oe) 0.44) Nite a 3.76 
Kokusi D. [ bd ti EL 32 43 34,69 34,02 =~ 0,67 
Koganezawa Y, 4220 S3ROZEES. 3 ifs) 748) + 3,66 
Kenasi Y. = fit 39 26 12,81 | 14,63 eWay 8 eee + 0,55 
Tanzawa Y. Tt #2 AT 31S 31,95 | 32,47 — 5,48 
Koganezawa Y.| “2»>@#21U 108 30 07,21 | 10,99 + 3,78 
Tanzawa Y. Se Sy 23 59 46,01 45,48 22 053 e158)? fa OSB 
Kumotori Y. £2 IK W 47 30 08,53 | 05,28 — 3,25 
Gosyotai Y. TE Be WU 86 27 29,41 | 15,94 1s 47 
Koganezawa Y.| “h@FEiU 60 04 40,77 | 50,99 + 10,22 — 2,03 + 0,93 
Kenasi Y. = 4 wy 3 27 51,99 55,23 + 03,24 | 
Gosyotai Y. (TE #8 109 57 26,78 37,39 — 10,61 
Tanzawa Y. Fe ih 37 04 62,02 57,98 04 ieee ta 1 Oak nee 07 
Koganezawa Y.| />@#FIU 32 57 32,36 25,80 — 6,56 
Hoten M. vw I AY 36 01 52,08 49,44 2.64 
Kano Z. fe fF wy 45 19 57,12 | 53,15 Soe 7 no 1, 200) ety, 00 
Rokudizo. A NW pe 98 38 13,75 20,36 + 6,61 
Héten M. Ye ste $f 132 37 54,96 53,94 ae 
Rokudizo. As Hi jee 28 43 60,08 | 60,37 FO, 24 set TC i B17 
Tukuba S. St Be 18 38 08,96 | 09,70 + 0,74 
Hoten M. we th AY 122 56 04,47 | 06,58 PST I 
Tukuba S. ot ve Wy 15 O1 55,61 | 55138 =O 28 = 10%) — 192 
Tokyo. He eet 2 02 02,58 00,74 =~ 11,84 
Héten M. Be wth AF 68 24 08,49 | 10,04 + 1,55 
Tokyo. oe 86 51 16,47 16,66 Be eG: 10") meet 2,08 et bet 
Kano Z. re ew 24 44 CaS 36,02 ih aye 


Table I. 


Comparison of angles and closing errors, new and old 


contd. 


triangulation 


Supplementary points 


Adjusted spherical 
angle 


Differences | Closing errors 


New Old 


” 


Héten M. 59,48 
Tokyo. Ht 04,76 
Rokudizo. S 2 57,19 


Hutago Y. 
Renkozi M. 
Sengen Y. 


21,34 
26,84 
74,29 


hes 
SN Bay 
Eg 


So 
th 
rt 


Hutago Y. 
Kano Z. 
Renkozi M. 


50,84 
25,20 
46,99 


et 


Kuranami. 
Hutago Y. 
Kano Z. 


54,02 
55,50 
12,20 


ao 
EE 


Kuranami. 
Kano Z. 
Rokudizo. 


53,97 
52,58 
14,48 


+e Bee 


Ew 


Kuranami. 
Rokudizo. 
Hoten M. 


\I 
Pay 


¥ 


Kaminumabe. 
Renkédi M. 
Hutago Y. 


| | Gt be 
Zz 


Kaminumabe. 
Hutago Y. 
Kuranami. 


Lay Hoe 
E 


SE 11 
wes 


Kaminumabe. 
Kuranami. 
Hoten M. 


ap Sue 


# W 
ores 


Kaminumabe. 
Renk6édi M. 
Nagatuda M. 


Fist bef Bitte 
ty 


a a 
Edt 

Sree 
+14 


Tokumaru. 
Renkodi M. 
Kaminumabe. 


ise 
a 
Leh 


Tokumaru. 
Kaminumabe. 
Hoten M. 


Hongo. 
Takane. 
Renkozi M. 


I+ +14 


| 


Hongo. 
Renkozi M. 
Tokumaru. 


Table I.— Comparison of angles and closing errors, new and old 


triangulation contd. 


en 


Supplementary points 


justed = spheri aaa " 
a Adjust oat ea Dnierences Closing errorss 
oint x Te gh we | , 
Old Newsnet ever oid Old New 
Of 7) u" | / A 7 7 
Mineoka i nn 1 150 01 24,42 29,33 | +: 4,91 
Kano Z. ie oF 47 28 41,00 43,29 | 2,29 | £8 0.331 8 sy 1.53 
Bédai S. BAW 27 29 55,75 | 48,54 yy PA 
Mineoka.. i rn 16] 44 30 01,87 59,12 275 
Rokudiz6. HD BS 22 50 53,14 46,63 — 6,51| + 1,69} + 0,3 
Kano Z. eB 112 39 06,25 15,61 | + 9,26 | 
Nokogiri Y. ge aly 102 27 45,34 | 0,02 =15,89 | 
Kano Z. BE hy 50 38 16,02 | 23,10 4-6 FOG Mpa 1.50 fas pam 04 
Hutago Y. cape gi 26 53 59,58 67,82 4. 8524 
Nokogiri Y. we i 86 03 28,27 58,62 + 30,35 
Bédai S. [pea th 39 20 56,59 42.02 = 1457s 4 1 02 Wee 2.62 
Mineoka. We = og 54 35 36,14 20,36 Ve | 
Nokogiri Y. ge oly 63 54 40,79 35,00 ae ETS 
Mineoka. i nn 1 50 25 48,28 68,97 + 20,69} — 2,01) — 0,04 
Kano Z. pe BF wy 65 39 31,51 16,61 — 14,90 
Ookawa. me wl 58 15 57,72 82,27 | + 24,55 | 
Nokogiri Y. ge oly 33 50 51,25 63,31 “12,06 ein 1,58 (ueepe 2, 7 
Bédai S. BA w 87 52 71,88 35,27 — 36,61 | 
Ookawa. i 41 21 33,06 40,45 + 7,39 | 
Mineoka. i rn 6 86 25 50,85 25,17 — 25,68; — 0,86; + 0,56 
Nokogiri Y. Be oly 2 12 37,02 55,31 + 18,29 
Ookawa. 7 elt 99 37 30,78 62,72 + 31,94 
Mineoka. an 31 50 14,71 | 04,81 | + OSOOAM A =e 0,30upue v4.8 0,65 
Bédai S. BRK wW 48 31 75,29 | 53,25 | — 22,04 | 
Asitaka Y. se RE ily 92 03 06,06 11,69 IEG, 05 
Tanzawa Y. Ft # ih 36 49 19,00 19,76 + 0,76 0,00 + 3,21 
Kenasi Y. = fe ly 51 07 38,81 | 32,42 =* 6.59 
Asitaka Y. Eh 108 05 16,98 11,56 — 56,42 
Manziro D. OR 37 9130,32 33,50 ere gee mm a eee alah 
Tanzawa Y. TY # wy 34 23 17,14 19589 2,25 | 
Asitaka Y. Be NE yl 159 51 36,96 36,75 == 0,91 
Kenasi Y. 5& fe ly 11 00 50,¢8 49,58 — 0,50 0,00; — 2,39 
Manziro D. Book 09 07 34,18 34,90 0,72 
Kamuriga T. Zr i 126 55 48,10 45,54 — 2,56 
Tanzawa Y. Ft # Wy 20 50 13,62 15,76 + 2,14 0,00 + 0,98 
Asitaka Y. Be ME ly 32 13 59,48 59,90 4+. 0,42 
Kamuriga T. 7 LGEZONOo, oF 56,91 + 3,04 
Asitaka Y. Be WE ly 75 51 17,50 11,66 — 5,84 — 2510 —= 0°30 
Manziro D. Bs OR 27 47 50,65 53,45 + 2,80 | 
Kamuriga T. wT Te 156 43 18,03 17,55 — 0,48 
Manziro D. we OR HG 09 43 39,67 40,04 Oy Ne keae Tego bea ho 
Tanzawa Y. Pe Ey 13 33 03,52 03,63 + 0.11 | 


Table I.— Comparison of angles and closing errors, new and old 


contd. 


triangulation 


Supplementary points 


; | | Adjusted i pherical Differences | Closing errors 
Point 14 Fe | es | 
| | Old L New none = SC ES Old New 
{ | | Oa A 1 | A I 
Ootani. | fe 66 13 51,44 | 48,977 | ak oily 
| Rokudiz6. ee 59 42 03,88 "05,16 | 4 1,28) 40,93) aes 
} Kuranami. | dpe vie! 54 04 05,39 07,28 + 1,89 
} Ootani. | ee ee 77.25 03,89 13,19 + 9,30 
| Kuranami. ye 46 18 51,82 46,69 —1 13] << 10,42) ieee 
| Kano Z. ke BP ky 56 16 05,02 00,85 | ae 
| Ootani. : k 45 31 34,80 23,46 11d 
| Kano Z. ye BF dy 93 45 55,22 67,24 + 12,02) 4 1,53) a meus 
| Mineoka. TES ii | 40 42 30,67 29,99 — 00,68 
| 
| Ohotani. k & 143 38 55,33 61,46 + 6,13 | 
| Rokudizo. | Ss ah Be 17 27 54,05 50,68 | — 3,371 4 0.40) Beams 
| Kano Z. HEF uy | 18 53 11,03 | 08,27 oe 
| Nonoduka. | BP aR 1C8 25 17,14 13,38 =) 376 
| Rokudizo. | as Hb Be | 28 30 58,18 _ 57,98 — 0,20) ~ [187i eee 
| Mineoka. a 43 03 46,15 50,11 + 3,96 
| Nonoduka. ss FR 22 22 49,12 45,73 uso 
| Mineoka | w by | 135 34 32,61 36,30 + 3,69.) <q -2,4010 Seeman 
Ookawa. Mics coe pall 22 02 39,05 38,75 — 0,30 
| Itinomiya. posieg os 48 21 35,70 40,22 4+ 4,52 
| Rokudizo. ose HO RE 79 50 31,81 23,88 — 7,93| 2.80 G3s) aeons 
| Ootani. oe 51 47 53,26 56,67 a) 3rd] 
| Itinomiya. at Die 97 05 18,73 | 26,21 + 7,48 || 
| Rokudiz6. | NS Hh ee | 45 56 34,54 | 29,95 — 4,59 + 0,26 + 0,45 
| Nonoduka. BS A 36 58 07,70 04,81 28S) 
Kuro D. | ae 117 50 27,59 | 30,61 3,02 
Kenasi Y. = 4ne 1 25 49 16,28 | 18,31 + 2,03| — 1,947) ee 
Gosy6tai Y. TE BLL 36 20 17,13 12,08 75,05 
Kuro D. = 80 09 51,79 52,13 4 0:34 
Gosyotai Y. ici eeicca | 50 08 12,28 | 03,86 — 8,42 — 1,30) ieee 
Koganezawa. Pee 49 42 56,75 04,82 + 8,07 
== | / A 
Mean error of a single angle (— f4 7 th 46 2% 3%) =m—= je =| t 0,826); =e 


Table. I— Comparison of lengths of sides, new 


and old primary triangulation 


Base’ i Net 
| Difierences of Diterence 
Sides we 7 Ol lengths Ue oe 
| new—old | side length 
| m 

Renk6ji M. — Hong6 Hib SEAT AR Pilg + 0,444 1/42 000 
“a — Tokumaru “a — Fat Jt + :0,016 1456 000 
aL — Kaminumabe Pe —-kB we — 0,195 94 000 
V7 — Kano Z. o —Be BF ly + 0,655 93 000 
a — Hutago Y. Go —= FW + 1,869 22 000 
Ya — Nagatsuda M. 4 —Rtm + 0,333 40 000 
“a — Sengen Y. ve —%e fA tu — 0,187 198 000 
77 — Tobinoo Y. oO —e ei — 0,326 58 000 
a — Tanzawa Y. Yo —F- # hy — 0,73 44 000 
“a — Takane GC —s fit + 0,710 27 000 
Nagatuda M. — Kaminumabe | ¥tmMFf—_k 7% 2 = Oneal 30 000 
Wi — Sengen Y. GY —T TA — 0,494 53 000 
Z — Zama M. A —\e nH — 0,136 37 000 
Ya — Tobinoo Y. oe —F eA Wh + 0,060 241 000 
a — Simomizo M. y —fP # FF + 0,146 50 000 
y — Renkozi M. ge —s SE RF + 0,333 | 40 000 
Tobinoo Y. — Renkézi M. | 7 }é [--SitSeA — 0,326 | 58 000 
Ya — Simomizo M. vy —P FF — 0,040 | 200 000 
4 Nagatuda M. eo —teeH hy + 0,060 | 241 000 
4 — Zama M. »” —RE fal + 0,241 42 000 
Vz — Sengen Y. yy —¥% fT oi + 0,400 51 000 
Zama M. — Nagatuda M. | & [i] #Af--evtm4AyT = (OIE 387 000 
“ — Tobinoo Y. Oo —S Bi + 0,241 42 000 
Ya — SimomizoM. eo —YF ite FF + 0,240 22 000 
Simomizo M. — Nagatuda M. | F 3 #J}—Je4tm4yT + 0,146 50 000 
Ya — Zama M. 2” —/)RE FEL AY + 0,240 22 000 
4 — Tobinoo Y. o —& ke iw — 0,040 200 000 
Sangen Y. — Tobinoo Y. 2 Hl w-—e B iw + 0,400 51 000 
— Renkozi M. be —PHEIGE PL => (OLileiz/ 198 000 

— Nagatuda M. ye —teatH Ff — 0,494 3 000 

— Kano Z. yy —fe BF IL 1,358 43 000 

— Hutago Y. Oo — FW = 0,625 43 000 

— Tanzawa Y. yp —ty # i 1,530 14 000 


Table II.— Comparison of lengths of side, new and old primary 


contd. 


triangulation 


Principal Points 


| : Difference 
Sides Bo TE Be 
dn Sea side length 
m 

Teruisi Y. — Tukuba S. SE 7A ju— St we OW — 0,428 1/97 000 
7. _. Tokyo Ae Be et ae 0,174 452 000 
V4 — Dohira Y. eo —s 7S [ly — 0,392 150 000 

Tukuba S. — Rokudizd So ve Wx OE + 0,026 3337 000 
y; — Héten M. 7 eee: net 0,107 484 000 
ZL — Tokyé pee es er + 0,090 790 000 
Y4 — Teruisi Y. | 4 —-*% AW — 0,428 97 000 

} 

Dohira Y. — Teruisi Y. | # ze w—-St A wy — 0,392 150 000 
a — Tokyo yey —He Be — 0,046 1370 000 
Ya — Takane | iss fit + 0,062 ~ 476 000 
Y — Tanzawa Y. ~ — > Sw + 0,280 257 000 
Ya — Kumotori Y. - —£2 RK EL ONO 27 000 
Ya — Kokusi D. [ Y —\M fil '& I =) IIe 39 000 

Kokusi D. I — D6éhira Y. | A I ae ZE — 1,110 39 000 
Ya — Kumotori Y. yy —#2 WR IY — 0,086 241 000 
Ly ean za aye Yb Bp Cy all + 0,723 87 000 
ya — Kenasi Y. yY — 4 — 0,966 61 000 

Tokyo — Tukuba S. x Re Ww + 0,090 790 000 
Ya — Hoten M. Ya —%#e Hh i + 0,061 360 000 
“Y — Rokudizo wy FS HO Ht + 0,169 285 000 
“a — Kano Z. a —RE #2 wh + 1,151 42 000 
a — Tanzawa Y. 4 —F} YF Ly — 1,201 47 000 
Zz — Déhira Y. yp —ab — 0,046 1370 000 
Va — Teruisi Y. eo —3: A i + 0,174 | 452 000 

Tanzawa Y. — Dohira .Y J+ # ae 2B “jr O30 257 000 
Y — Takane ey es #& — 0,193 199 000 
Ya -— Renkozi M. ey —s ese — 0,731 44 000 
L — Tokyé yy, cae ants eer ot 47 000 
7; — Kané Z. ~ —fe BF Wy ane 442, 000 
yy — Bédai S. o —BR i + 0,162 | 491 000 
Ya — Sengen Y. oy — #8 fay iy + 1,530 14 000 
Ya — Manziro D. a —B ik — 2,660 | 26 000 
7 — KammurigaT. vy Kk TF — 0,982 30 000 
y; — Asitaka Y. yo —3E RE = i,204 37 000 
LY — Kenasi Y. Yo —& He tly — 0,161 355 000 
Ya — Gosyotai Y. Y — TESS — 0,455 46 000 
Y — KoganezawaY. ep —peE iy + 0,391 114 000 
y — Kokusi D. [ ~  —bl tii HI ees 87 000 
Ya — Kumotori Y. YO —# x i + 0,806 58 000 

Rokudizo — Itinomiya 7 th A 7 + 0,058 309 000 
Ya — Nonoduka Yo AND BEER + 0,507 58 000 
a — Mineoka ye —We hd + 0,122 336 000 
L — Ootani eee eee + 0,164 104 000 
a — Kano Z. Yo — HE B i + 0,252 124 000 
Vz — Kuranami “ee — Hx iB — 0,066 291 000 
ZL — Tokyé oy Kk + 0,169 285 000 
L — Héten M. wy —3e gh HF + 0,252 150 000 
y; — Tukuba S. y —B we Ww + 0,026 3337 000 


Table II.— Comparison of lengths of side, new and old primary 


triangulation contd. 


‘Principal Points 


. Differences Difference 
of sides side length 


Sides we 7 TR Bl 


Kenasi Y. — Kokusi D. ] | & 4¢ u—bY ti ET i 1/61 
a — Koganezawa Y. — ge BE WY 38 
aL — Kurodake oie 51 
p — Gosyétai Y. —(7E BI 166 
Ly — Tanzawa y. —Ft # iW 355 
a — Asitaka Y. 336 
2 — Manziro D. 


| 


ee sp | 


Hoten M. 
a Kuranami 
a Rokudizo 
a Ootani 
Ya Mineoka 
a Bodai S. 
“a — Nokogiri Y. 
Ly — Hutago Y. 
a — Sengen Y. 
2 — Tanzawa Y. 
L — Renkozi M. 
“a — Tokyo 


l++11+4++ 


+++ 


Bodai S. — Nokogiri Y. 
7 — Kano Z. 
Ya — Mineoka 
w — Ookawa 
aw — Manziro D. 
L — Tanzawa Y. 


[ecteactaaal 


Manziro D. — KammurigaT. 
L = ftanzawa Y. 
Ya — Bodai S. 

2 — Oosima 
Ya — Kenasi Y. 
L — Asitaka Y. 


Table II.—— Comparison of lengths of side, new and old primary 


triangulation ——contd. 


Supplementary Points 


a peace Difference 
Sides Be PE cy 
ero side length 
m 
| Kumotori Y. — Dohira Y. 42 7 i—#@ 7 WwW ie 019, 1/27 000 
a — Takane Wa —~ Fa Ha = 0.6 625 |» 62. 000 
Ya = Mhanzanyaxe YY —FP HE Bile 0,806 | 58 000; 
Ya —Koganezawa Y. | YO —beeE + 0,356 | 56 000 
De = KokusteD San Y —BBY fl 1 — 0,086 | 241 000 
Takane — Hongo a AOD + 0,114 127 000 
brew — Renkozi M. py —st espe 40.710 27 000 
Lv — Tanzawa Y. Tae a =) 193 199 000 
7 — Kumotori Y. yp —se Ty Wy — 0,625 62 000 
4“ — Dohira Y. Oo eat + 0,062 476 000 
Tokumaru — Hoten M. Gilt Ju— we Nh AT — 0,454 63 000 
“a — Kaminumabe ey —k FH wh + 0,402 49 000} 
L — Renkézi M. y —E EE + 0,016 1456 00 |} 
4 — Hongo yp —AS $38 — 0,140} 90 000 } 
Hoéten M — Tukuba S. % Ih N—si wH Ws =) O11 484 000 
Va -— Rokudizé ye —F Hb we 200,052 150 000 | 
uv — Kuranami ye — Fee VEL SE AOS IS)S) 79 000 
Ya — Kano Z. ~ —fie BF ih + 1,097 | 48 000] 
Ya — Kaminumabe yey —k Bw — 0,087 861 000 
4 — Tokyo Ya — i os + 0,061 360 000 
“a — Tokumaru Gy —e Sih — 0,454 63 000 } 
Koganezawa Y.— Kumotori Y. 7s SN £2 Ty Wy E0306 56 000 | 
Lv — Tanzawa Y. — Fe + 0,319 | 114 000] 
Se —— Gosydtai Y. ‘ — TE eS Ly 2-0, 0883 613 000 | 
4 — Kuro D. yp — SB iG ey (OSS! 30 000 | 
Za —— Kenasi ¥- ye —=e fe py = IGG 38 000 | 
Kaminumabe — Héten M. | Eb ® 2 ah =. O08 7a 361 00 
4 — Kuranami Ye —ye 7 == O16 271 000 
Ya — Hutago Y. Up == a [ili a= 1387 25 000 
y — Nagatuda M. yy  —IeatH Ff = OLB | 30 000 
Ya — Renkozi M. ye —i eae — 0,195 | 94 000 
a — Tokumaru ye —Fhet ah + 0,402 | 49 000 
Gosyotai Y. — Tanzawa Y. SEA —F+ #2 Wy — 0,455 46 000 
Ya — Kenasi Y. —= fit iy eee 0.220 166 000 
Ya — Kuro D. is a + 0,618 | 29 000 
4 — Koganezawa Y. BD —meEe + 0,038 | 613 000 
Kuranami — Rokudizd Hise Wa—sy Hb a — 0,066 291 000 
a — Ootani woe) yas SO ele 150 000 
L — Kano Z. yy —fe BF + 0,638 33 000 
a — Hutago Y. Ye rs, 5 Ih] —OPLS6 253 000 
Ya — Kaminumake ey —kh BH MH = (Os 271 000 
L — Héten M. vy — te ah AT a 0,399 79 000}. 
Itinomiya — Nonoduka — 7 wp A ER + 0,005 | 4277 000 
Ya — Ootani UA Waa 4 — 0,377 59 000 
Ya — Rokudizé eo —FR BL eK + 0,058 , 309 000 
| 


Table II— Comparison of lengths of side, new and old primary 


contd. 


triangulation 


Supplementary Points 


| ; | Difference 
Cites | Bo ER Differences | u 
| | of sides | side length 
| m | 1/ 
Ootani — Rokudizod Fie GHA HD He + 0,164 104 000 
4 — Itinomiya | Pp ——= ) — 0,377 | 59 000 
Ly — Mineoka | pe AES hig — 0,078 310 000 
Yi — Kano Z. bp — he hy — 0,058 272 000 
Wa — Kuranami YG se 1 + 0,121 | 150 000 
Hutago Y. — Kaminumebe | = F| |jyN—E #% * + 1,387 | 25 000 
7 — Kuranami 7 — je VIB = 0,156} 253 000 
L — Kané Z. ~y —je EP | — 0.626) 51 000 
4 — Nokogiri Y. ye —Be i | — 0,187 | 135 000 
Lv — Sengen Y. Yb —< ze fal Wy — 0,628 | 43 000 
“ — Renkézi yp — SAAT + 1,869 | 22 000 
Kammuriga T. — Tanzawa Y. ch 7 te—Tt HE Ws — 0,982 | 30 000 
V4 — Manziro D. yy — Bs SR — 1,726 | 24 000 
Y — AsitakaY. eo —3e RE uy — 0,181) 109 000 
| 
Asitaka Y. — Tanzawa Y. be FE Wy—Pr BE Wl — 1,204 37 000 
Wz — Kammuriga T. | eo —th 7 TG = 0,181 109 000 
Ya -- Manziro .D. Ye —tS TR EG — ‘1,284 | 32 000 
7 — Kenasi Y 4 —= fie py | +) 0,102 336 000 
Nonoduka — Itinomiya BY 2 &—— J + 0,005 4277 000 
uv — Ookawa ZY —K JV =O ioil: 51 000 
a — Mineoka ye —te& hid | — 0,105 197 000 
Ta — Rokudizd yp —F Hh we | 05507 | 58 000 
Mineoka -— Ootani We fil —AC y — 0,078} 310,000 
Ya — Rokudizo Ze dese 5 (0) 336,000 
ZL — Nonoduka 4 —E z R =. 0; 108 197,000 
Lv — Ookawa Vp | ee IM — 0,869 | 24,000 
Y — Bédai S. oe Pi + 0,645 43,000 
Ya — Nokogiri Y. y — Wi — 1,291} 14,000 
“a = Kano Z. yy —EE BFW — 0,923, 19,000 
| 
Oosima — Manzirodake | *K BB Ris se aid 146 000 
Ookawa — Mineoka K JI[—tee | — 0,869 | 24 000 
WY — Nonoduka vy — BP z TR — 0,761 | 51 000 
Z — Bédaisan A Be il — 0,407 | 36 000 
Ya — Nokogiri Y. Po Hy — 3,146 8 000 
Nokogiri Y. — Kano Z. oye u—Pe FF + 0,618 | 24 000 
V4 — Mineoka py We fd — 1,291 14 000 
a — Ookawa ey —k Ji — 3,146 | 8 000 
2 — Bodaisan Yo —BR — 0,907 25 000 
Ya — Hutago Y. eo —2 FY — 0,187 135 000 
Kurodake — Koganezawa Y.| 34 Hope El — 0,598 30 000 
Ya — Gosyotai Y. 4 — TE ge + 0,618 | 29 000 
L — Kenasi Y. YO —= fe WW — 0,481 | 51 000 
Hongo — Tokumaru 7. $88 — ft J — 0,140} 90 000 
Ly ~— Renk@ézi M. eb — TRS + 0,444 2 000 
“a — Takane yw #2 + 0,114 127 000 
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